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Problem: Need reliable outdoor operation. 


Solution: Use Allis-Chalmers tube-type 
TEFC motors rated 1500 hp, 4000 volts, 880 
rpm. All electrical parts are completely en- 
closed, fully protected against weather. 





3 Problems — 3 Solutions 


Eastern Utility Gets Exactly 
the Right Motor for Each Job 
from Allis-Chalmers 


Public Service Electric and Gas Company chose Allis- 
Chalmers motors for many of the major auxiliaries in 
their Kearny (N.J.) Generating Plant. The reasons: 
reliability and economy. 

Allis-Chalmers builds a type and size for every aux- 
iliary drive in the power plant. Whether your problem 
is space, fly ash or an outdoor location, there’s a motor 
in the Allis-Chalmers line to provide the continuity of 
service you need. Let an Allis-Chalmers representa- 
tive help you select the motors for your job. A-4582 


Problem: Keep building costs down. 


Solution: Put pump drives outdoors, us- 
P| ing Allis-Chalmers tube-type TEFC motors 
rated 350 hp, 440 volts, 400 rpm. 


Milwaukee 1, Wisconsin 


Problem: Remove heat from large boiler- 
feed pump drives in confined space. 


Solution: Install A-C 3000-hp, 4000-volt, 
3585-rpm water-cooled motors. Water car- 
ries heat from motor room. 
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C-D-F KNOWS HOW TO MACHINE PLASTICS 
A bus bar gets a covering of molded Di- 
lecto over copper supplied by the cus- 
tomer. The plastic ends are skillfully 
trimmed on a smooth saw. 


C-D-F HANDLES THE COMPLETE JOB An oil circuit 


breaker component 


is made from two Dilecto 


laminated plastic tubes, with a threaded ring join- 
ing the assembly. From raw materials to finish 
machining C-D-F does it all! 


C-D-F MOLDS MANY SPECIALTIES 


This 
shaft insulator for a circuit breaker is 
molded from C-D-F’s cloth-based indus- 
trial thermosetting plastic, Celoron. Note 
complexity of mold, clean detailing. 





C-D-F USES MODERN METHODS. Large 
quantities of arc chute barriers are made 
from paper-based Dilecto. Operations in- 
clude pressing, cutting, post-forming and 
trimming. 


Dependable equipment relies on C-D-F insulation! 





C-D-F OFFERS UNIQUE MATERIALS. This 
contact shaft for an air circuit breaker 
is another example of molded C-D-F 
Celoron used in switchgear because of its 
high impact strength. 


See our catalog in Sweet’s Design 
File for basic product data and 
sales offices. Write for detailed in- 
formation, or send us your print 
for quotation. 





C-D-F 1S A SKILLFUL ASSEMBLER. Made 
from Grade C rolled Dilecto tubing, these 
pots are turned, bored, slotted. Then a 
macerated plastic end is inserted and arc 
resistant varnish finish applied. 


C-D-F UNDERSTANDS THE ELECTRICAL IN- 
DUSTRY'’S NEEDS. Precisely machined to 
close tolerances, Dilecto panel boards 
guarantee dependable insulation, help de- 
signers save space. 


D Ciitmwilel-Diaumnd Fhe 


CONTINENTAL-DIAMOND FIBRE COMPANY 
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Automation in the Process Industries. 
Continuous automatic production, or auto- 
mation as it is interpreted today, has not 
constituted a second industrial revolution. 
Rather, it is evolutionary in nature, a 
series of steps towards the advancement of 
electrical living—which means a more 
abundant life for America (pp. 377-3). 


Processing Air-Traffic-Control Informa- 
tion Electronically. A digital informa- 
tion-processing system has been built for 
handling and storing flight plans and 
weather information automatically over 
Teletype lines. The system can be con- 
nected to similar systems by a Teletype 
network with automatic switching facilities 


(pp. 374-7). 


Communication—Where Do We Go 
From Here? The need for a huge project 
to code the mounting volume of human 
knowledge and make it available promptly 
and accurately is stressed. Various de- 
velopments in the near future are sug- 
gested. Through continued improve- 
ments in communication, and the gradual 
disappearance of obstacles to its full use, 
should come peace and wisdom if the world 
can survive its present crisis (pp. 367-70). 


Application of Germanium Power Recti- 
fiers. Competitive in first cost, this ger- 
manium power rectifier has the advantage 
of high efficiency, easy installation, quiet- 
ness of operation, and little maintenance 
(pp. 478-22). 
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HIGHLIGHTS........ 


An Electronic Blood-Count Meter. 
This instrument determines the average 
volume of solution per single particle, 
which is the reciprocal of concentration. 
The optics consist of an ordinary micro- 
scope, while the electronics require only 
common inexpensive components (fp. 
388-91). 


Variable-Reactance-Type Dimming Con- 
trol for Fluorescent Lamps. This new 
dimming system is discussed in terms of 
circuit requirements, a description of the 
circuit, the range of dimming, starting 
requirements, stroboscopic effects, wiring 
and control, and its many applications 
(pp. 378-82). 


Grounding, Bonding, and Lightning 
Protection in Oil Refineries and Chemical 
Plants. A brief review of the various 
aspects of grounding practices in both 
industries is presented. However, the 
primary emphasis is put upon the situations 
most commonly encountered and proced- 
ures designed to protect personnel, equip- 
ment, and plant (pp. 400-03). 


Electric Equipment for Aluminum Ano- 
dizing. Most large anodizing installa- 
tions are best suited to the use of synchro- 
nous-motor-driven shunt-wound-generator 
power supply with automatic process con- 
trol. Small installations are better suited 
for manually controlled dry-disk rectifiers 
(pp. 384-7). 


Recommendations of IEC Technical Com- 
mittee 24 on Electric and Magnetic 
Magnitudes and Units. These recom- 
mendations are discussed in terms of the 
sign of reactive power; the name for mks 
or Giorgi system; the assignment of names 
‘**Magnetic Polarization,” ‘‘Intrinsic Induc- 
tion,” and ‘‘Magnetization”; the name 
for the unit of magnetic induction in the 
Giorgi system; rationalization of the elec- 
tromagnetic field equations; the relation 
of the ampere turn per meter to the oersted; 
revision of definitions in the International 
Electrotechnical Vocabulary; the com- 
parison of 3- and 4-dimension systems; and 
preparation of a document with all TC 24 
decisions since the founding of the IEC 
(pp. 406-08). 


A New Look in Lamp Bases. This article 
gives a discussion of the data and tests on 
aluminum as it performs as a base-making 
material, when it is used instead of brass. 
The two primary problems have been 
concerned with whether aluminum could 
be adapted to the manufacturing methods, 
and whether it would perform satisfactorily 
in service (p. 474). 












Bimonthly Publications 


The bimonthly publications, Communica- 
tion and Electronics, Applications and Industry, 
and Power Apparatus and Systems, contain 
the formally reviewed and approved 
numbered papers presented at General 
and District meetings and conferences. 
The publications are on an annual sub- 
scription basis. In consideration of pay- 
ment of dues, members (exclusive of Stu- 
dent members) may receive one of the 
three publications; additional publications 
are offered to members at an annual sub- 
scription price of $2.50 each. The publica- 
tions also are available to Student mem- 
bers at the annual subscription rate of 
$2.50 each. Nonmembers may subscribe 
on an advance annual subscription basis of 
$5.00 each (plus 50 cents for foreign postage 
payable in advance in New York ex- 
change). Single copies, when available, 
are $1.00 each. Discounts are allowed to 
libraries, publishers, and subscription 
agencies. 





The Electrical Flare of the 1740’s. This 
decade saw remarkable discoveries which 
provided a dynamic prologue to the future 
progress. The period is treated with 
reference to the preceding knowledge, how 
the flare was sparked, a discussion of the 
condenser, and the general level of attain- 
ment (pp. 392-7). 


Ignitron Multiple-Unit Cars. This first 
quantity application of ignitron rectifiers 
on multiple-unit cars is discussed in terms 
of service operations, performance, control 
system, rectifier d-c supply, traction 
motors, main circuit and protective appa- 
ratus, auxiliary circuits, carbon brush life, 
inspection periods, power consumption, and 
conclusions (pp. 408-73). 


Coaxial Cavity Filters for Multiplexing of 
900-Mc Radio-Relay Systems. Filters 
acting as multiplexers, diplexers, and 
multidiplexers have been developed to pro- 
vide for simultaneous application to one 
antenna of two or more radio transmitters 
and receivers operating in the 900-mc 
range. Such equipment is used in a re- 
cently developed radio system (pp. 425-9). 





Membership in the American 
Institute of Electrical Engineers, 
including a subscription to this 
publication, is open to most elec- 
trical engineers. Complete in- 
formation as to the membership 
grades, qualifications, and fees 
may be obtained from Mr. N. S. 
Hibshman, Secretary, 33 West 39th 
Street, New York 18, N. Y. 
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Why the strip-insulating process 
assures longer cable life... 






Look for the Okonite “single ridge” 
—your proof of cable quality 





Tin mold is removed 


Okoprene sheathing 
strip with tin backing 


after vulcanization 
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Okonite uses all the known methods 
for applying rubber insulation to a 
conductor. Experience has proved, 
however, that only one, the strip- 
insulating process, gives complete 
assurance of cable dependability. 
Okonite is the only manufacturer 
using this costly method in regular 
production. These are the reasons 
why all Okolite-Okoprene cables are 
made by this method: 


1. Perfectly centered conductors. The 
strip process is the only insulating 
method that assures perfect center- 
ing of the conductor. This assures 
an insulating wall of uniform thick- 
ness along the entire cable length. 
There are no ‘thin spots” which 
might cause premature failure. 

2. More uniform vulcanization. Oko- 
lite-Okoprene cables are vulcanized 


OKONITE @& CABLES 


Okoloy-coated 
copper or bare 
aluminum conductor 


First of a series of 
Okolite insulation strips 


Forming wheels 


Second of a series of 
Okolite insulation strips 


under pressure in a continuous metal 
mold. This provides uniform vulcan- 
ization and a tougher, more dense 
insulation with better physical and 
electrical characteristics than can be 
produced by any other method. 


3. Insulation cured only once. Vulcan- 
izing the insulation and protective 
sheath in one operation is possible 
only through the use of the strip 
method. Thus the evil of multiple 
vulcanization — shorter insulation 
life — is avoided. 


4. Strong bond between insulation and 
sheath. Single, simultaneous vulcan- 
ization of the insulation and sheath 
together in a metal mold under pres- 
sure results in a permanent bond 
between them. This prevents “‘push 
backs” during installation, ioniza- 
tion at potentials above 2000 volts, 


and water blisters in wet locations. 


5. Quality control. Unlike any other 
method, the strip process permits 
electrical testing and visual inspec- 
tion of each strip of insulating and 
sheathing compound both prior to 
and during application. These con- 
trols assure a void-free, uniform, 
solid dielectric wall. Thus, the strip- 
insulating process has helped Oko- 
nite compile its outstanding service 
records in countless installations. It 
is also responsible for the continuing 
high demand for Okolite-Okoprene 
cables in circuits that must not fail. 


Write for 128-page manual (Bulle- 
tin EG-1085-A) on 0-5kv unshielded 
Okolite-Okoprene cables and the 
strip-insulating process to The Oko- 
nite Company, Passaic, N. J. 
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HERE’S A VISUAL DEMONSTRATION OF HEAT RESISTANCE! 


In this laboratory test, arranged to demonstrate 
the heat-resistance of Alkanex enamel com- 


pared with conventional enamel, two coils of 


magnet wire were simultaneously grounded in 
a dead “‘short circuit,’ producing temperatures 
on the surface of the wire considerably in ex- 
cess of 250 C. In less than 20 seconds the coil 
on the left, coated with conventional enamel, 
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began to smoke and in approximately 45 sec- 
onds the enamel coating had disintegrated. At 
that point the coil of wire on the right, coated 
with Alkanex enamel, had barely begun to 
smoke even though the wire temperature 
greatly exceeded the normal limits for Alkanex 
enamel. 
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WIRE 
ENAMEL 


A NEW INSULATING ENAMEL WITH 


© OUTSTANDING HEAT-RESISTANT QUALITIES 
e EXCELLENT DIELECTRIC AND MECHANICAL PROPERTIES 


General Electric is proud to introduce 
ALKANEX wire enamel—an insulating 
enamel whose outstanding properties in- 
clude the ability to withstand temperatures 
of 175 C for a limited time and at least 150 C 
in continuous service. 

By using wire coated with Alkanex 
enamel, equipment can be designed with 
far greater latitude in temperature limita- 
tions. Overload protection can be readily 
increased; and, thanks to better aging 
properties, phase and turn insulation can 
conceivably be eliminated in smaller motors 
and coils. Higher-temperature equipment, 
which previously required bulkier insulated 


magnet wire may now be able to take advan- 
tage of space-saving enameled wire. 

In short, Alkanex wire enamel facilitates 
the design of equipment for greater com- 
pactness, operation at higher temperatures, 
and longer life, thus permitting increased 
ratings for any given frame size—in other 
words, “MORE POWER PER POUND!” 

Naturally, we'll be glad to send you salient 
details on this new wire enamel that com- 
bines excellent mechanical and dielectric 
properties with an increase of 35-40 C in 
operating temperature limits. Just write to 
General Electric Co., Chemical Materials Dept., 
Sect.§13-1D, Bldg. 77, Schenectady 5, N. Y. 


‘‘More Power per Pound”... with 


@ INSULATING MATERIALS 


Insulating varnishes and wire enamels @ Silicone resins @ Varnished paper and cloth 


Mica products © Electrical-grade laminates 


Progress /s Our Most /mportant Prodvet 


GENERAL €@ ELECTRIC 
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N EW in design concept...in dependability 


Weston I3OI line 


panel instruments 


with 


Cormag® self-shielded mechanism 


Weston CORMAG® 
Mechanism shown in 


combination cutaway and phantom) 


A compact, lightweight permanent 
magnet moving-coil mechanism, 
self-shielded from the effects of 
external magnetic fields. 


WESTON 


The 1301 line (34%2”) furnishes panel instrument 
users with the added dependability, the mounting 
facility, and the new economy which CORMAG 
self-shielded construction provides. These instru- 
ments can be mounted on magnetic or nonmagnetic 
panels interchangeably, and there is no magnetic 
intereffect of instruments on one another when 
mounted in close proximity. For complete informa- 
tion, see your local WESTON representative or 
write... WESTON Electrical Instrument Corpora- 
tion, 614 Frelinghuysen Avenue, Newark 5, N. J. 


instruments 
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DIGITAL 
SUPERVISORY CONTRO 


NOW AVAILABLE 


TONE DETECTOR : TONE OSCILLATOR 


Whatever the remote function to be measured, indi- 
cated, and controlled, Bendix-Pacific can promptly provide you with 
a complete system made up of standard ELECTRO-SPAN components. 


These plug-in assemblies can form up to 85% of a 
specific system. Individual equipment requirements comprise, the 
balance of the insiallation. The units meet industry standards of 
reliability, and ruggedness, and in addition are simple and inexpensive. 


ELECTRO-SPAN is an accurate digital supervisory control 
expressly designed for remote measurement of electrical and physical 
variables ...and such control functions as remote shaft positioning, 
on-off switching, and proportional control. The system may be used in 
conjunction with any electrical transmission medium, including tele- 
graph circuits, telephone lines, VHF radio or microwave links. Through 
the use of time-proven multiplex methods virtually any number of 
telemeter and control functions can be accommodated. 


Because ELECTRO-SPAN operates as a true digital sys- 
tem it is practically unaffected by such transmission vagaries as 
distortion, frequency drift, phase shift, low signal-to-noise ratios 
and internal noise. 


Use of standard plug-in assemblies permits Bendix- 
Pacific to quote prices and delivery without delay. Engineering facili- 
ties are available for application of ELECTRO-SPAN to your specific 
requirement. Your inquiry is invited. 


Please address inquiries to: Department 831 


IN STANDARD ASSEMBLIES 


REMOTE FUNCTION ACTUATOR 


This is a typical ELECTRO-SPAN system for on-off control of pumps, valves, 
motors and similar equipment. Above, left, is the Operator's Station, at 
right the Remote Control Stcition. Under the Bendix-Pacific unitized con- 
struction this standard system will handle up to 30 separate functions — 
6 separate alarm circuits — automatic pre-set fail-safe operation — manval 
system loop check —telephone communications — all over a single wire 
pair or equivalent. 


Pacific Division 
“Bendix Aviation Corporation 


NORTH HW iv” 
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BAKELITE © 


BRAND 


A major advance in 
fluorocarbons that benefits , 


electrical industries 
6 WAYS... 


Manufacturers of electrical and electron- 
ics equipment are discovering many 
benefits among the exceptional service 
properties of BAKELITE Brand Fluoro- 
thene. This rigid thermoplastic polymer 


offers such a combination of good dielec- 
tric properties, corrosion resistance, and 
physical toughness over a wide tempera- 
ture range that it can function success- 
fully where most other materials fail. 


] BAKELITE Fluorothene’s electrical properties include outstanding volume resistivity 
that remains over 10'* ohm-cm. even at 390 deg. F. The material also has a low dielectric 
constant and high dielectric strength. 


BAKELITE Fluorothene shows no measurable moisture absorption after long peri- 
ods of submersion. This factor is instrumental in maintaining its high electrical values, 
even under extremely humid conditions. 


BAKELITE Fluorothene’s working temperature range extends over 710 deg. F.—from 
—320 to +390 degrees. 


BAKELITE Fluorothene has high compressive strength, making it excellent for strong, 
tough parts. Hammer blows on a solid piece seldom scar the surface. 


BAKELITE Fluorothene has outstanding chemical resistance, enabling it to function 
in extremely corrosive atmospheres. Furthermore, fuming nitric acid can be piped 


ub © WN 


through fluorothene tubing. 


6 BAKELITE Fluorothene will not support combustion. 


BAKELITE Fluorothene can be fabricated 
by compression or injection molding or 
by extrusion, with conventional plastics 
forming equipment. Typical products in- 
clude tubing and rod stock, seals, gaskets, 
and insulation for printed circuits. Film 


and sheeting produced from BAKELITE 
Fluorothene is strong and tough and pos- 
sesses excellent clarity. For information 
on the forms, properties, and applications 
of BakeLiTE Fluorothene, write Dept. 
HC-55. 
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FLUOROTHENE 


SO LO OU Sis wi: 

Intricately shaped electronic parts are 
readily molded from BAKELITE Fluoro- 
thene. They have excellent dielectric prop- 
erties, zero moisture absorption, and high 
resistance to chemical attack. This male 
connector used in aviation electronic equip- 
ment has pins and center post molded in 
place. 





Extruded wire covering of BAKELITE Flu- 
orothene protects against corrosion, fun- 
gus, weathering, and impact, in addition 
to providing good dielectric properties 
over a broad temperature range. It is ex- 
cellent for instrumentation control in chem- 
ical plants or wherever corrosive atmos- 
pheres are encountered. 











wi 
Superior dielectric properties of BAKELITE 
Fluorothene at elevated temperatures 
make it an ideal material for these insula- 
tors and other parts used in high-frequency 
radio circuits. Excellent molding proper- 
ties make it possible to produce these vari- 
ously shaped parts to close tolerances. 








re Lee Sa 
Film made from BAKELITE Fluorothene, 
used as a wrapping for wire and electrical 
parts, provides excellent dielectric prop- 
erties in combination with toughness and 
chemical resistance over a broad tempera- 
ture range. It is also resistant to weather 
and corrosive atmospheres and will not 
absorb moisture. 











BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation ({¥§ 30 East 42nd Street, New York 17, N. ¥. 


FLUOROTHENE 


In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 
The term Bake TE and the Trefoil Symbol are registered trade-marks of UCC 
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We've decided to use the NEW ‘X 
S2¢C OPEN CUTOUT 


and save all this bother 


Don’t waste time on a a 
detailed short circuit 
analysis—deciding §> 

just where heavy duty ‘ 
cutouts are needed. a 
The NEW SaC Type XS 
can be used wherever 
you need an open cutout. 





S2C OPEN CUTOUTS anc: us 


FOR BOTH “HEAVY DUTY” AND “STANDARD DUTY” APPLICATIONS 


ee. . «they give heavy duty protection, but meet 
2 standard duty cutout budgets 


The increased interrupting capacity of the SC Type XS elim- 
inates the problem of deciding where heavy duty cutouts will be 
needed . . . an S&C Type XS can be used in every case . . . for it 
has an interrupting capacity of 5,000 amperes (7.5 kv rating), and 
4,000 amperes (15 kv rating). 

It is no longer necessary to carry warehouse and service truck 
stocks of both standard and heavy duty cutouts. Nor do you have 
to worry about construction crews installing the wrong cutout at 
a particular protection point. 

All these advantages become economically justifiable because, 
for the Type XS Cutout, S&C has developed a recoil mechanism 
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: cutout costs but usually sacrifice performance, especially on low 
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COMMUNICATION 
Where Do We Go From Here? 


VANNEVAR BUSH 


HONORARY MEMBER AIEE 


T is customary in reviewing the entire subject of com- 
munication to start with the Greeks. I should prefer, 
however, to go back to a somewhat earlier period when 

the first prosimian, or whatever our ancestor may have been, 
climbed down out of the trees, began to use tools, and most 
notably began to apply his curiosity with practical effect. 
For many reasons he became the progenitor of the dominant 
race, but one powerful reason was that he learned to com- 
municate and to use symbols for the purpose. From that 
time an individual’s struggle with his environment was 
based, not on his own limited experience alone, but on the 
far sounder basis of the experience of his fellows and his 
forebears. All that is called civilization resulted from the 
fact that man learned to record, transmit, and consult 
the record of his perceptions and his reasoning about their 
interrelationships. At first he did this roughly and in- 
adequately with a small vocabulary. Later he turned to 
more and more elaborate means of communication. 

A great step forward occurred when the invention of 
movable type brought low-cost printing, which in turn 
made possible mass education. Many reasons may ex- 
plain why the West then spurted forward in material ways 
while the Orient lagged in spite of its continued excellence 
in some of the subtler aspects of art and philosophy. But 
one of those reasons undoubtedly was that the new print- 
ing technique was more adaptable to the western languages 
built from alphabets, and was hardly applicable at all to the 
ideographic languages of the East. I believe this unbalance 
in communicational facility may soon be overcome as new 
methods of printing are developed. 

Today there are diverse and complex means for com- 
You are not interested in having me recite a 
catalogue of them. Nor have I any intention of lifting your 
spirits with a rhapsody on the wonders of modern com- 
munication. In fact, I think some of those wonders are 
still rather crude. It may, nevertheless, be worth while to 
classify them and on the basis of their classification attempt 
to see, dimly, what lies ahead. 

The simplest form of communication is between indivi- 
duals, and the principal instruments—in addition to direct 
speech—are the telephone, the transmitted message, and 
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the letter. We take just pride in our telephone system. 
With automatic dialing it has become highly flexible, fast, 
and reliable. Some people can now make calls all over 
the country merely by turning a dial; and more will soon 
be able to do so, without human intervention, and without 
human error except their own. It is possible, if desired, to 
talk comfortably, without becoming entangled in the cords 
and with both hands free. 
person one is conversing with should not be seen, if people 
are willing to pay for the necessary channels; but such a 
luxury would hardly seem to be worth the cost. 

The sounds heard over the telephone bear a surprisingly 
close resemblance to those of the human voice, close enough 
in fact to satisfy any reasonable demands. What else is 
there to do? Well, the telephone is still, on occasion, a 
nuisance, breaking in on our hours of rest, work, or con- 
templation in a most peremptory manner. There may be 
ways, aside from having competent secretaries, by which 
conversations could be carried on when both participants, 
rather than just one, want to talk and find it convenient to 
do so. Certainly there are more effective ways than those 
employed today of carrying on a conference of several 
persons. A great deal of the traveling done, just to talk to 
someone, does seem rather senseless, and it becomes more 
senseless as the people with whom we would talk are 
increasingly dispersed. The only difference between a 
conference around a table, and one over a telephone with 
the participants seated behind a number of separated desks, 
is the absence of gestures and facial expressions. There 
may be ways of supplying what is essential here, without 
unduly tying up television channels, which transmit a full 


There is no reason why the 


The diverse and complex means of communica- 
tion are classified and, based on this classifica- 
tion, an effort is made to see what lies ahead. 
Although the present international situation is 
tense, in the long run the maintenance of peace 
depends chiefly on communication between 
peoples and ‘its uncoerced functioning. Thus 
anyone working to improve communication 
methods is laboring to benefit his fellow man. 
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picture 30 times a second. Ninety per cent of what is 
transmitted in television is often sheer repetition, whereas 
for an effective conference one wishes merely to be able to 
see occasionally the facial expression of the speaker. 

Billions of letters are being written. This process is still 
extremely crude. To write the letter an individual talks to 
a stenographer or a machine, and what has been said is 
reproduced, often none too precisely, by a girl who pushes 
keys on a typewriter. This process can be shortened by 
talking to a machine and mailing a disk or tape, to talk 
back on a distant machine, but this does not readily produce 
a convenient record. No doubt a machine could be made 
that would type what is spoken intoit. It would do strange 
things to the language, perhaps, but it might be useful. Or 
the problem could be eased by writing fewer letters and 
celephoning more, if there were a convenient way of 
recording conversation so that the record could be filed 
and consulted, and if the aversion to having such records 
could be overcome, a system could be devised by which 
the recorders could be in use only when both parties wished 
them to be. 

When a letter is mailed, a half dozen persons have to 
read the address and ‘toss it into its appropriate compart- 
ment. This is utterly archaic. It is quite possible to read 
addresses photoelectrically, if they are in proper code, and 
to render all sorting automatic. The great bulk of the mail 
thus handled. Incidentally, before too long, 
everyone will have two addresses—one for mail and one for 
the telephone.. It would be nice if these two addresses 
could be combined. _I wish personally, that all bulk-mailed 
advertising had to carry a prominent distinctive mark. I 
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should then have, at my house, two slots in the door, and I 
should ask the postman to drop the advertising in the second 


slot, which would lead straight to the cellar. I am sure 
he would gladly comply. 

The second principal form of communication is from one 
to many, or from a small group to a large audience. It is 
usually unidirectional, although a heckler sometimes attacks 
a public speaker, especially when the latter is expounding 
political wisdom. The greatest instrumentation here is 
the printed word. Much progress is being made in print- 
ing. Metal type is on the way out, although it will take 
some time for it to disappear completely. We are ap- 
proaching national newspapers, and magazines that are 
nearly current exert a profound influence on the public’s 
understanding, or perhaps at times on its misunderstanding. 
Better methods of printing can confidently be expected 
as well as better methods of distributing what is printed. 

Entertainment is a form of communication. I think that 
it is fortunate that entertainment and advertising have 
made possible the enormous growth of radio and television. 
Together with the press and magazines, these media are 
producing an informed electorate and a united public 
opinion throughout the country beyond anything that was 
possible without them. Of course there are and will be 
abuses so long as clever men try to sway multitudes for 
selfish purposes. But I suspect that a demagogue would 
have to be superhuman to put over a false act on the Amer- 
ican people when he appears before them on their tele- 
vision screens at so close range that they can almost count 
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the hairs in his eyebrows. I also suspect, although per- 
haps I am overoptimistic, that the very weight of advertising 
that is thrown at the public today is developing a healthy 
scepticism, and that this may in time necessitate a greater 
reliance on reason and less on mere repetition. Bacteria, 
when they are attacked by an antibiotic, sometimes 
mutate and escape its destructive effects. A public attacked 
by slogans may find some equivalent protection. But the 
subject here is means of communication rather than its 
effects. 

Intermediate between the two great forms of com- 
munication mentioned is another, the transmitting of special 
messages or signals. I do not have in mind in this connec- 
tion the telegraph message, although I think everyone 
would welcome a technical advance in this field which 
would make it possible to place on a man’s desk a few 
words, more promptly, accurately, and at lower cost. 
The general idea of the teletypewriter might conceivably be 
extended to make this possible. I have in mind rather the 
transmission of messages where most of the data are already 
in the hands of a recipient, and all that needs to be sent is 
a signal or symbol to select or alert. Paul Revere and 
William Dawes were sent on their rides of warning by the 
hanging of a light in the now-fallen tower of Old North 
Church. The modern fire alarm system is a good deal more 
effective and yet leaves much to be desired. Fire losses 
today are enormous, and residential fires in particular cause 
great loss and suffering. Perhaps some of this loss might 
be avoided if our alarm system, however efficiently trans- 
mitted, did not depend so much on someone seeing smoke. 
A more dependable system would be one which auto- 
matically called the fire department whenever there was 
either undue smoke or excessive heat in any part of a house. 
It would have to be periodically tested, of course, and pro- 
vision would have to be made to alert the family as well as 
the authorities. It is quite possible to build such a system, 
and there is not much doubt that it would pay. In fact 
there are systems which fulfill some of these requirements in 
operation now in certain public buildings, and extension 
to residences is almost straightforward from a technical 
standpoint. 

Another type of communication of this general class is 
one that gives the location of things. The time is approach- 
ing when the position of every airplane in the sky will be 
known centrally at all times. It would be helpful to have a 
similar system for the control of freight shipments and trucks. 
The detail involved in such systems is of the kind that can 
be dealt with very effectively by modern data-handling 
devices. It is about time for someone to devise a good 
automatic system to signal when robbers hold up a bank or 
a store. 

The progress of civilization in peace time depends, and 
has always depended, not only on current thoughts and 
findings, but on the skill and facility with which we create, 
store, interchange, consult, and utilize the whole record of 
collective past experiences. Enormous strides are being 
made in the development of methods for creating a record 
of what is learned—in printed words, by photography, or on 
a magnetic tape. Also, strides are being made in develop- 
ing means for the transmission of ideas from one to another 
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or from a central point to great audiences. But in one 
exceedingly important phase of the whole problem, little 
progress indeed is being made. This is the phase of finding 
in the record the information needed. If the record of 
experience is to serve well, it is necessary to be able to ex- 
tract from it at will, promptly and inexpensively, any 
single item of current moment. This is of great importance 
for the progress of science, but it is also important in every 
professional field of activity and especially in engineering, 
which is daily becoming more complex in the ways in which 
it applies science economically to meet the needs and de- 
sires of mankind. 

The record is being built at a prodigious rate. Books, 
magazines, technical journals, and reports are being pro- 
duced by the ton. The Library of Congress reported in 
its Quarterly Journal of Current Acquisitions for August 1954 
that in the fields of science, technology, medicine, and 
agriculture it received in the fiscal year 1953 approximately 
30,000 journals, including 2,000 new titles; 25,000 research 
reports; 15,000 books and monographs; 15,000 manu- 


scripts; 10,000 pamphlets; 5,000 prints, blueprints, micro- 
films, etc.; and 150,000 maps and charts. 


Libraries are filled to overflowing and their growth is 
exponential. Yet in this vast and ever-increasing store of 
information particular items are still sought by horse and 
buggy methods. As a result there is much duplication and 
repetition of research. We are being smothered in our 
own product. While the work of thousands of able and 
devoted men, full of significance and timeliness to others, 
is recorded with great care, a large and increasing fraction 
of this work is, for all essential purposes, lost simply because 
it is not known how to find a pertinent item of information 
after it has become embedded in the mass. 

The problem is not essentially one of techniques. It is 
rather one of deciding who is to do the job of clearing up the 
confusion and under what auspices. There are many good 
techniques available. Recently I participated in a study 
of how mechanization could be applied to the problem 
of searching in the Patent Office, where millions of items 
need to be scanned for equivalents of the combinations 
presented in patent applications. This study showed that 
there are at least 50 companies active in the production 
of one kind or another of data-handling equipment. I 
have not time to review all the ingenious devices now being 
used for commercial purposes by banks, insurance com- 
panies, and other businesses, or for scientific computation 
and analysis in hundreds of fields of research. Suffice it 
to say that there are several ways in which items can be 
scanned at the rate of 1,000 a second, selected in accordance 
with a complex code, and reproduced automatically. 
Photographic methods can reduce the size of a record by a 
factor of 100 to 1 or more, and re-enlarge on call with 
negligible loss of legibility, thus cramming the material of 
1,000 books into the space of a cigarette package. Digital 
computing devices can manipulate records in the form of 
numbers at the rate of 1,000,000 operations a second if 
necessary. Magnetic tape can receive any kind of data, 
combine them, and reproduce them at will; and it lends 
itself to ready erasure, replacement, and rearrangement. 
There is no lack of powerful, versatile equipment, which is 
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quite capable of rendering our stored records available in 
prompt, accurate, effective fashion, and at a distance if 
this is desired. 

But to code the scientific literature or legal documents or 
any other part of the mounting records and thus to place 
them under the control of machinery responsive to our will 
is a stupendous undertaking. Worse than that, it is every- 
one’s business and the assigned responsibility of no one 
group in particular. There is not the slightest doubt that 
it would pay, in a very practical sense, to do the job no 
matter how seemingly great the cost. It would pay every- 
one, and the expense should therefore be borne by every- 
one. Thus it is a task for government. 
for a government which cannot even mechanize its postal 
system to be farsighted and courageous enough to under- 
take a task of such complexity and such magnitude? 
Probably not. The methods to be adopted, moreover, are 
not at all clear at the moment. The whole art of data 
handling is improving every day, and it would be a mistake 
to freeze upon a single system prematurely. 
would not be wise to plunge in at once and undertake a 
comprehensive and expensive program for, to use an 
example, the entire bulk of scientific literature. The 
various possible approaches need rather to be tried out on 
a more modest scale. The time has most certainly arrived 
when special sections of the record can be subjected to 
mechanization with genuine benefit to those who use them. 

Looking forward, I am confident that there will be further 
advances, most interesting ones, through the whole range 
of devices by which man communicates with his fellows. 
As a result I believe the human race, if it does not commit 
suicide by indulging in total war, will advance in knowledge 
and understanding and perhaps also in wisdom. I believe 
there will be advances in our mastery over the records 
created, rendering them easier to consult by means which 
would now seem strange and bizarre which will make 
obsolete much of what is now done, but which will give a 
new power and freedom to the creative mind and thereby 
open the way for another spurt forward of civilization. 
For civilization advances only as it acquires new experience 
and only as it makes its experience available and useful. 


But is it possible 


So it probably 


Communication is the lifeblood of democracy. An in- 
formed and intelligent electorate is our bulwark against 
political chaos. Education of the people is dependent on the 
means of communication that are available. In its simplest 
form, a teacher talking to a group of pupils, communica- 
tion is an essential element. But in the more complicated 
processes by which the citizens of a democracy become in- 
formed, the problem of communication is more involved 
and extensive. Today there are intricate and powerful 
means for the interchange of thought among the entire 
population. On the skill and wisdom with which these 
means are employed depend the stability and prosperity 
of our republic. 

Even more depends upon the progress in this regard. 
The fate of our civilization today depends on whether all- 
out war can be avoided. In these perilous days, when the 
threat of mass destruction hangs over us, we wish with all 
our hearts for peace; we would, if we could, put an end to 
allwar. For the moment, in the maelstrom of international 
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affairs as they exist, we are utterly dependent, for the attain- 
ment of peace, on the enhancement of our military strength 
and on our determined and steady diplomacy in meeting 
current crises. We have recently met one and done it well. 
But in the long run the maintenance of peace depends 
chiefly on communication between peoples and its effective 
uncoerced functioning. There is no people on earth that 
would wish to go to war if it understood the appalling con- 
sequences of such an act. No country can ever again win a 
great war in the sense of advancing its national interests 
by conquest; any war that used the thermonuclear bomb, 
or one of the many other possible terrifying weapons, could 
result only in disaster to both participants, setting the clock 
of civilization back perhaps 1,000 years and delivering the 
world again to barbarism and pestilence. If the peoples 
of the world know this, and if the people control, there will 
be no great wars. I know that democracies or nationalistic 
powers embodying some of the democratic spirit have gone 
to war with one another in the past. But no people, in con- 
trol of their own affairs, and with full knowledge of the power 
of modern weapons, will commit suicide. All attempts by 
demagogues to lead a nation to conquest will fail if the 
people really understand. And this is a matter of communi- 
cation. 

Today peoples are not everywhere in control, and they 
do not always understand. Behind an iron curtain they 
are fed on lies and propaganda by a tightly organized 
minority, which follows the path of imperial Russia and 
aims to conquer the world, by war when necessary, but 
preferably and more effectively by intrigue, penetration, 
and subversion. In a world where great sections of the 
population will not be ready for democracy in a generation, 
this aggressive minority has found devilish methods of 
bringing all people under its sway. 

This threat must be met with realism, patience, courage, 
and steadfastness. We are doing well, in the United States, 
to keep our balance under stress. True, we have not been 
perfect; we have erred at times, and we have often been 


misunderstood or mistrusted by our friends. But, as a 
nation, we are solidly behind the government’s program as 
it stands in foreign relations. We shall arm, and in every 
phase of modern weapons we shall develop strength. We 
will have nothing to do with preventive war; nor shall we 
attack even if the provocation is acute. But we will, in 
our strength, halt the advance of Communist forces before 
they engulf all the hesitant peoples of the earth and leave 
us standing alone in a hostile world. 

This is for the immediate present. For the long pull we 
would use every means to spread understanding among 
men. We cannot now penetrate the iron curtain well, 
but times will change. There looms ahead of us a long 
period of military stalemate, during which all-out war is 
not likely to erupt except by accident or from desperation. 
There may be minor wars, and there will be international 
contests waged by strange means falling just short of open 
war. There will be a period of dangerous stress, when 
we shall need all our resolution to maintain our sanity, 
to preserve our free institutions, and to avoid succumb- 
ing by imitation to the very tyranny we fear. It can 
end in different ways, possibly in total disaster but possibly 
too, in a world from which war is banished and the primary 
causes of war forever removed. 

Our hope rests on the gradual spread of knowledge among 
men, and on the assumption that with knowledge will come 
true wisdom. In this hope we depend on the improvement 
of means of communication and the gradual disappearance 
of obstacles to their full employment. Thus the subject 
of our thinking is one of crucial importance. It is one on 
which the progress of civilization has always rested, and on 
which it will rest more heavily in the years to come. Any 
man who works to extend the power and versatility of 
methods and machines by which one man communicates 
with another, any man who struggles to bring new ways of 
communicating into uninhibited effect, can do so with a 
full conviction that he is laboring for the benefit of his 
fellow man. 
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“Armor” for Magnets 


New 400-ton die-casting machine, in the Edmore, Mich., 
permanent-magnet plant of Carboloy Department, General 
Electric Company, casts aluminum sheathes on large mag- 
nets such as those used in radar installations. Magnet 
‘insert’ shown weighs about ten times more than the 
aluminum. In casting the 1/4-inch-thick aluminum casing 
at 2,000 psi around the magnets, no special methods are 
used as the “pull” of the premagnetized magnets auto- 
matically hold them against the 2-piece cavity die, shaped 
to the magnets’ contour. The finished work is ejected from 
the machine at 3,000 psi. Magnets are encased in alumi- 
num for insulation and to simplify installation. 
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The Engineer and Automation in the 


Process Industries 


EVERETT S. LEE 


FELLOW AIEE 


The word ‘‘automation”’ has become one of the 
most overused, and probably misused, words in 
our modern vocabulary. To the electrical 
engineer, however, it means the advancement 
of electrical living as we progress from manual 
methods to mechanization, and thence to 
automation. To America as a whole it means 
more goods for more people at less cost. 


UTOMATION has become a magic word. One 
A reads about it in the engineering papers, in the trade 
press, and in the news of the day. It is blamed as 
the reason for the world’s ills and credited as the source of 
its joys. It is reminiscent of a story about a bishop who, 
when asked to speak on “War, Peace, and the Human 
Race,” asked that his subject be changed to read: ““The 
Moon, Stars, and Life Eternal.” 

To the engineer automation is an evolution in manu- 
facturing operations from manual operation to mechaniza- 
tion, and thence to automation. He has been involved 
in this evolution for many years. 

In the manual area of unit production an operation is 
performed by the use of hands or of hand tools; and the 
hand tools were developed, designed, and guided in manu- 
facture by the engineer. 

In the mechanization area of mass production, manually 
operated power-driven machines, with varying degrees of 
controls, are used to perform one or more operations. Here 
the labor force has already been substantially upgraded, for 
skilled specialists are required to operate and maintain 
many of these machines. It was the engineer who de- 
veloped the machines, designed them, guided their produc- 
tion, and integrated them into the mass-production line. 

In the automation area of continuous automatic produc- 
tion, automatic machines are integrated with transfer 
devices to perform a series of continuous automatic opera- 
tions. Here, there is practically no physical effort left in 
the content of the average job, and the man on the produc- 
tion line has been trained and upgraded to become the 
skilled machine specialist or maintenance expert. Here, 
again, it is the engineer who has developed the machines, 
designed them, and guided their production, and who will 
integrate them into the continuous automatic production 
line. The development engineer, the design engineer, the 
application engineer, the process engineer, the manufac- 
turing engineer—all have contributed to these advances. 





Essentially full text of the keynote address presented at the AIEE Rubber and Plastics 
Conference, Akron, Ohio, April 4-5, 1955. 


Everett S. Lee is manager, technical public relations, General Electric Company, 
Schenectady, N. Y., and a past president of AIEE. 


May 1955 


Lee—Automation in the Process Industries 


PRODUCTS OF AUTOMATION 


us, this automation that is being talked about is of 

the engineer, by the engineer, and with the engineer 

working closely with the manager to bring into being all the 

products which have brought enjoyment and health and 

abundant living to the American people. Without these 

production processes as they are known today, these things 
would not be possible. 

The population of the United States increased 22 per cent 
between 1939 and 1953, and in the same period the number 
of jobs went up 35 percent. But in the field of manufactur- 
ing where automation has advanced most rapidly, Federal 
Census figures show that employment increased 73 per cent 
during these same years. If technology in the automotive 
field had stopped in 1908, it has been calculated that it 
would cost $65,000 to build a present-day car at today’s 
wages.! 

The mechanization of industry has reduced costs, has in- 
creased output, and has increased employment. It has 
given more goods to more people at less cost. It has 
brought the United States into world leadership, where 
the recital of the things this nation has is an amazement. 

The average American family today, on the basis of 
what it buys, has a standard of living 32 per cent higher 
than in prewar 1940, and 40 per cent higher than in boom- 
time 1929. The home of the typical American family 
supplies the base for rising standards of living. ‘Today more 
than 28.5 million families own their own homes, com- 
pared with 15.2 million in 1940, and the number is growing. 
Now 37 million families—3/4 of the total—own automobiles, 
and 11 per cent of these families own two cars. And living 
in the homes is even better through the products which the 
people have. Just a few of these are shown in the following 
table.” 





Per Cent of 
Homes Supplied 


Name of 
Product 


Electricity 98 
Radio 98 
Refrigerator 91 
Running water 88 
Electric iron 83 
Flush toilet 80 
Tub or shower bath 78 
Washing machine 72 
Telephone 69 
Electric toaster 66 
Television 61 
Vacuum cleaner 56 
Clothes drier 5 
Air conditioner 3 





The reason for this abundance is the progress which the 
engineer has made in production processes, from manual 
operation, through mechanization, into automation. The 
motivating force of the engineer has been “more products 
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The tools which have made 
these figures possible are wonderful machines of every 
description, driven almost entirely by electric motors with 
electric controls, together with auxiliary mechanical equip- 
ment, and with instruments of every description. Only a 
relatively few people know about these tools, their poten- 
tiality, their power, and their scope. These few people are 
the engineers; they have provided the advances of the past 
and will provide the advances of the future. 

As the engineer has brought mechanical power through 
electricity into production, the jobs for the people have in- 


for more people at less cost.”’ 





creased. The figures show this dramatically: 
Percentage of Work Energy Jobs 

Year Supplied by Mechanical Power (in Millions) 
1880 17 17 
1910 57 37 
1930 84 45 
1950 94 60 
1954 95 62 





Without this progress from manual operation, through 
mechanization, to automation, these results would never 
have been attained. 

Between 1946 and 1952 the electric power used by each 
production worker rose from 10,750 to 16,350 kilowatt- 
hours, a 52-per-cent increase. In fact, the industrial use of 
power between 1946 and 1952 went up faster than in- 
dustrial production itself, so that the electrical content of 
the average product increased by a significant 24 per cent. 
This pattern of industrial electrification is continuing up- 
ward, so that in 1964 more than 90 per cent of the nation’s 
manufacturing horsepower will probably be _ electric. 
There is no doubt that the trend to automation is and will 
be the key factor in this growth. 


STEPS TOWARD AUTOMATION 


tenn industrial interpretation of automation is 
continuous automatic production. It is a concept of 
manufacturing based on continuous flow, rather than 
intermittent batches of work. It embraces the automatic 
making, inspecting, assembling, testing, and packaging of 
parts and products in one continuous flow. 

The word, at least, is new, even though Oliver Evans 
built a completely automatic flour mill near Philadelphia 
in 1874, and this means that there were no workers in 
the mill. But modern automation is still just barely started. 

Automation is not a second industrial revolution. Its 
nature is evolutionary, not revolutionary. It is built upon 
a solid foundation of progressive step-by-step upgrading 
of both manufacturing operations and people, and is of 
itself a progressive process. 

As an illustration of the progressive steps of industrial 
development that lead toward automation, consider the 
metal-working industry, which has many characteristics 
in common with other industries. First is the manual 
area of manufacturing: Many people combine to produce 
one unit at a time, first only by hand and then with the aid 
of hand tools and simple manual materials-handling equip- 
ment. 

Next is the mechanization area, where mass production 
is the result of the introduction of the driven machine and 
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simple conveyor. The addition of increasingly complex 
controls and materials-handling equipment leads up to the 
automatic stage, in which many operations can be per- 
formed. The job of the man on the production line has 
been limited to not much more than starting and stopping 
the automatic machine, whereas the amount of supporting, 
or indirect, labor required for the maintenance has actually 
increased. ‘Thus the industry is ready for the beginning 
of automation. 

Here is where continuous automatic production starts in 
a small way, with fully automatic machines integrated with 
transfer devices to perform a series of operations. The 
man on the production line has been trained and up- 
graded to become the skilled machine specialist or main- 
tenance expert. By logical steps these machines are 
grouped into automatic units, then the units are grouped 
into an automatic system, the system into an automatic 
section, and finally some day the automatic factory can be 
expected. In the case of the rubber industry, the com- 
bining of more and more operations into the continuous 
processing fabric calender train is an example of this 
evolution toward automation that has been going on for 
several years. 

It would seem obvious, from this long and challenging 
development problem, that the era of the so-called auto- 
matic push-button factory is still ahead. It certainly will 
not come by just the sudden uneconomic application of 
money or effort. Except in some process industries, such 
as chemical, petroleum refining, and some foods—indus- 
tries where the products are fluid—automatic factories are 
rare, if they exist at all. For an average manufacturer 
to think of the “automatic factory” turning out assemblies 
or products today is purely wishful thinking. 

Today the opportunities lie in doing the job at hand 
with the tools available; that is, progressively upgrading 
operations and people out of the mechanization and into the 
automation area. Automation, as such, will have to pay 
its way in a step-by-step program as industry takes a 
practical approach to the diligent use of each year’s ex- 
panding technical advances in manufacture. 

It is also true that automation is not limited to high- 
volume production items, such as refrigerators, lamps, or 
automobiles. In most of the industries today, operations 
can be found in all of the levels of mechanization. There 
is ample opportunity to move these operations at least 
one more step up the ladder. That means investing in 
more highly mechanized equipment rather than more 
buildings filled with the same old kinds of equipment and 
using the same old methods. New plants, however, may 
also be necessary. 


THE BETTER WAY 


(); OF THE BEST mottoes ever coined for the engineer 
is: “There is always a better way.” Thus, as the 
engineer studies and restudies each process in his industry, 
he will find new ways of doing it better, and at less cost. 
The moves toward automation will largely be the answer. 
The economics will classify the result. The engineer and 
the manager, working together, make the perfect team. 

In the simplest analysis, a process has three basic in- 
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gredients: There are first, raw materials. Then there are 
operations upon the materials. Last, there is the final 
product. The machinery of production, the auxiliary 
mechanical equipments, the instruments and the controls, 
and the electric motors for power drive are available for 
practically every process operation. The systems engineer- 
ing to bring these into co-ordinate relationships is available 
in advanced form. The doing of it is in the vision and 
the courage and the ingenuity of the engineer working with 
the manager. It is this relationship that has brought the 
profession to where it is today. It is this relationship that 
will carry it forward into the years ahead. And at meet- 
ings and conventions of engineers will come the inspiration 
and the ideas and the knowledge which will help them to 
do an ever-better job. There is always a better way. 

In the rubber and plastics industries, the domestic con- 
sumption of rubber in 1954 was approximately 9 per cent 
below the all-time high of 1,338,000 tons in 1953. The 
expected increase in automobile and truck production in 
1955 will be a major factor in an estimated 3-per-cent in- 
crease in consumption this year over 1954, or about 1,250,- 
000 tons.® 

The two areas of the chemical industry which use the 
largest dollar volume of chemicals, synthetic fibers and 
plastics, are expected to continue their enormous growth 
rate of doubling every 5 years. In cubic footage produced, 


plastics are exceeded by lumber, cement, steel, and rubber; 
plastics in turn exceed aluminum, copper, zinc, lead, and 
magnesium. ‘Today about 60 per cent of all plastics pro- 











duction goes into industrial and military products, and the 
remaining 40 per cent goes inte consumer products. Thus 
the plastics industry is, to a very large extent, dependent 
upon the general economy.‘ 

The electrical manufacturing industry, as an example, 
must be able to double its present output by 1964. This is 
typical of the task facing all fast-growing industries. 
However, the predicted available work force will in- 
crease less than 13 per cent by 1964. The solution to this 
vital problem of obtaining increased industrial productivity, 
one of the great challenges and opportunities today, has 
come to be characterized by a word, perhaps the most mis- 
understood in modern vocabulary, this word “automation.” 

To the engineer it is fundamental. To the electrical 
engineer it is the advancement of electrical living. To the 
people of this country it means more goods for more people 
at less cost. It is America. It is for the engineer to learn 
about it, to study it, to apply it to his processes. 
you, the electrical engineer, working with your manage- 
ment. 


It is for 
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The various facets of development and use of the world’s 
largest contour-cutting band saw were presented recently 
in a 16-mm color film, ‘‘Production Tooling,” released by 
The DoAll Company, Des Plaines, Ill. It relates the story 
of how an extremely difficult tooling problem was solved 
with the band machine. 

The problem concerned the cutting of the large dies for 
one of the largest aluminum-extrusion presses in use in the 
United States. Structural parts for aircraft are produced 
on this press under the Air Force’s heavy press program. 
Excessive weight of the die blanks (up to 10 tons, and 52 by 
26 inches in size) prohibited hand manipulation in sawing 
out the die aperture. 

The camera work conveys a vivid impression of this 
band saw (15 feet high, 16,000 pounds), and close-ups show 
the details of cutting action and functioning of the electri- 
cally powered work tables. 

The camera takes the viewer to the machine operator’s 
station—a platform suspended from the machine head. 
There the operator is seen controlling the movement of 
three vertically stacked electronically synchronized tables, 
with a simple steering wheel. 

A whole new realm of possibilities for the shaping of intri- 
cate parts is indicated by ‘“‘Production Tooling.” 
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Electronic Processing of AirT raffic- 


Control Information 


By R. M. KALB MEMBER AIEE 


Flight plans and weather information are trans- 
mitted and received automatically over teletype- 
writer lines. Messages are filed in a magnetic 
drum storage and can be found by means of their 
contents. Any questionable or obviously erro- 
neous message is printed out for review. 


NEW kind of electronic system has been developed as 
- part of an over-all nation-wide air-traffic-control 
plan*? to accommodate the increasingly pressing 
problem of dispatching air traffic. In recent years this 
problem has been aggravated by a growing volume of all 
sorts of traffic to be monitored—military, private, and 
commercial—and planes operating at higher speeds have 
reduced the time available for action. The terminal con- 
trol problem is complicated by greater landing speeds and 
by the widening range of speeds of approaching aircraft. 
At one end of the speed range are found helicopters, at the 
other end jet airplanes. The trend to all-weather flying 
imposes a severe terminal problem when planes are land- 
ing and taking off under poor weather conditions. The 
problem of handling today’s air traffic, and that of to- 
morrow, is being resolved under the planning of a common 
system for air-traffic control.*4 The common system in- 
cludes navigational aids, air-borne equipment, and ground- 
based electronic aids for the men who control the air traffic, 
the controllers. The subject equipment of this article—a 
flight plan storage and processing equipment—provides, as 
part of these ground-based aids, a high-speed unindexed 
electronic filing system. 


CONTROL OF AIR TRAFFIC 


“Aperee een who monitor the cross-country air traffic 
A are located in air-route traffic-control (ARTC) cen- 


ters, about 25 in number. These communicate with 
airplane pilots and dispatchers through about 500 stations. 





Full text of paper 55-147, “‘An Electronic System for Processing Air-Traffic-Control 
Information,” recommended for publication by the AIEE Committee on Computing 
Devices and approved by the AIEE Committee on Technical Operations for presenta- 
tion at the AIEE Winter General Meeting, New York, N. Y., January 31—February 4, 
1955. Scheduled for publication in AIEE C ication and Electronics, 1955. 


R. M. Kalb is with Remington Rand, Inc., St. Paul, Minn. 





The system described was developed for the Air Navigation Development Board, Civil 
Aeronautics Administration, Technical Development and Evaluation Center, under 
Contract C13ca-410 by Engineering Research Associates, Division of Remington Rand, 
Inc., St. Paul, Minn. 


The Air Navigation Development Board (ANDB) was established by the Departments 
of Defense and Commerce in 1948 to carry out a unified development program aimed at 
meeting the stated operational requirements of the common military/civil air navi- 
gation and traffic control system. This project, sponsored and financed by the ANDB, 
is a part of that program. The ANDB is located within the administrative framework 
of the Civil Aeronautics Administration for housekeeping purposes only. Persons desir- 
ing to communicate with ANDB should address the Executive Secretary, Air Naviga- 
tion Development Board, Civil Aeronautics Administration, W-9, Washington 25, D. C. 
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Three fourths of these stations handle communications 
only, the other fourth are control towers at important air- 
ports. The geographical area handled by one ARTC cen- 
ter varies greatly according to the density of surrounding air 
traffic and may contain anywhere from two to seven control 
towers. The controllers stationed in control towers are 
concerned only with immediate departures and arrivals of 
planes at their airport. In handling a flight from take-off 
to touchdown, both kinds of controllers take action, but 
those at the ARTC centers exercise the continuing monitor- 
ing control. 

The electronic system makes information on all perti- 
nent flights available quickly to a controller when the time 
for his action approaches, and otherwise on demand. It 
receives and delivers weather reports automatically and 
keeps a file of the flight plans for all air traffic within an 
area. Table I lists the contents of these types of messages. 
Routine processing of the information is done automatically. 
Facilities are provided for altering the filed information and 
for keeping it up to date. A permanent record is made of 
all the information handled in the system. 


Flight Plans. Air-traffic information filed is in the form 
of flight plans. A flight plan is an itinerary of an aircraft 
plus pertinent data about the craft. Airways, like high- 
ways, are designated by route codes. An airway code is a 
color and a number, e.g. GREEN 714 or RED 9. Thus it 
is possible to construct an itinerary by a sequence of codes 
and reporting points, or “fixes,” with the altitude of each 
portion of the route also given. Such a plan is originated 
by the pilot or by a dispatcher, and may be presented via 
teletypewriter message, voice, radio, or on a written form. 
The information is reduced to a standard format and put 
on teletypewriter lines for introduction into the system. 
A flight plan received in teletypewriter code can enter the 
electronic system directly; received in any other form it 
is relayed through an operator who prepares the proper 
teletypewriter message. 

Each flight plan message comprises the following por- 
tions: 


1. Teletypewriter address signals for automatic line switch- 
ing and machine clearing (6 characters). 

2. A preamble consisting of the address from which the 
message is sent and codes for the kind and length of message 
(6 characters). 

3. A criterion of message selection consisting of the de- 
parture time and airport, and the aircraft identity number 
(18 characters). 

4. General information including arrival time and airport 
and an alternate arrival airport, plane type, instrument 
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Alternate arrival airport 
Type of aircraft 

q Speed of aircraft 

Fuel (in hours) 
Instrument equipment 
Priority of flight 
Restrictions on course 


17 characters Route information Airway 
(1 to 9 sets) Altitude 
Fix and time 


3 characters Sign off Figures shift 
Carriage return 


Letters shift 


: TABLE I. CONTENTS OF MESSAGES FILED 
: Flight Plans 
: 6 characters Signals for Teletype line switching and machine 
iad clearing 
6 characters Preamble Address 
| Kind of message 
Length of message 
iB 18 characters Criterion Departure time 
Departure airport 
4 Aircraft identity 
. 35 characters General information Arrival time 
Arrival airport 


Weather Reports 
Same 


Same 


Time of observation 
Place of observation 
The word “WEATHER” 


Text of report 


Text continued 


Same 





TABLE II. LIST OF MESSAGES PROCESSED BY THE SYSTEM 


Contents of 
Incoming Message 
Complete Flight Plan 
Time Signal 
Complete Flight Plan 
Criterion and Preamble 
Criterion and Preamble 


Nature of Action 
to Be Initiated 
File Flight Plan 
Activate Flight Plan 
Modify Flight Plan 
Read out Flight Plan 
Cancel Flight Plan 


File Weather 
i Read out Weather 
Cancel Weather 


Contents of Normal 
Outgoing Message 
Complete Flight Plan 
Complete Flight Plan 
Complete Flight Plan 
Complete Flight Plan 
Complete Flight Plan* 


Complete Report 
Criterion and Preamble 
Criterion and Preamble 


Complete Report 
Complete Report 


Contents of Outgoing 
Alarm Message 
Conflicting Preamble and Criterion 

None 
None 
Received Preamble and Criterion 
Received Preamble and Criterion 


None 
Received Preamble and Criterion 
Received Preamble and Criterion 





* To legal storage. 


Complete Report* 


+ For logical inconsistencies. If format is erroneous the received text is relayed to supervisory controller. 





TABLE III. DATA ON STORAGE SYSTEM 


Capacity 2,000 messages 
330 tracks 
Speed 1,190-rpm drum 


114-ke pulse rate 

22.8-ke pulse rate 

410 milliseconds maximum 
search time 


Size 311/, feet long 
2'/.-3 feet wide 
7 feet high 
1,988 tubes 


27.2 kva 


May 1955 


1,250 short—115 characters maximum 
750 long—230 characters maximum 


285 message store 
30 recirculating registers 
15 timing and format control 


22 inches diameter, 30 inches long 
For timing circuits 
For read/write circuits 


8 drum revolutions 


Plus 3-foot by 5-foot console and 2 cooling units each 2'/; feet by 3'/, feet 
and 7!/, feet high 

Total floor space 15 feet by 25 feet 

7AK7 and 5963 types predominate 


Includes 2.2 kva for cooling units 
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equipment, speed, fuel, and priority, and any restrictions 
applicable to the flight (35 characters). 
' 5. Route information consisting of airway, altitude, fix, 
and time (1 to 9 sets of 17 characters each). 

6. Sign-off, figures shift-carriage return-letters shift, to 
denote the end of the message (3 characters). 


Messages handled by the system are tabulated in Table 
II. They include both flight plans and instructions con- 
cerning the disposition of flight plans. Incoming flight 
plans to be filed constitute one type of message. Flight 
plans which modify an already existing one are messages 
of a second type. Instructions may be to read out a par- 
ticular flight plan, to cancel one, or to activate one whose 
departure time is imminent; these three kinds of instruc- 
tions form three more types of message. The system in- 
cludes provision for storing weather reports as well as flight 
plans, and the filing, reading out, and cancelling of such re- 
ports occasions three more message types. A reply or an 
alarm message is generated in each case to complete a cycle 
of action by the system. 


NATURE OF THE AUTOMATIC OPERATIONS 


r processing a received message of any type, the system 
attempts a sequence of four logical steps. These steps, 
with their logical alternatives, are diagrammed for the 
filing process in Fig. 1. The first step is to verify the format 
of the message in certain respects to make certain that the 
message is properly composed for the system. The next is 
to search the file of stored information. This search is made 
according to the nature of the incoming message, either to 
guard against accepting a duplicate message or to find a 
stored message which is to be modified or cancelled. The 
third logical step is disposal of the message. This step may 
be to store the message or to read out, modify, or cancel 
one already stored. See Fig. 2 for details. Finally a reply 
is prepared which gives external indication that the action 
initiated has been completed or that it cannot be. 





VERIFY FORMAT OF RECEIVED MESSAGE 











Failure of the system to comply or its inability to proceed 
with any logical step initiates an alarm message. If the 
format of the incoming message fails verification, the mes- 
sage as received is printed out to a supervisor at the machine 
center, who then handles the situation by the exercise of 
his own judgment. All other alarms result in the composi- 
tion of a message containing only a preamble and criterion. 
If a flight plan received for filing has the same aircraft 
identity number and departure airport as a plan already 
stored, that plan is rejected and the preamble and criterion 
of the plan in file are transmitted to the sender, who thereby 
is advised of the conflicting plan and who then can take 
further action by cancelling it before filing the new one or 
by having all of the filed plan read out to him as the basis 
for deciding further action. 

As soon as a message is filed initially, the complete text 
of the message is read back from storage and transmitted 
to the sender. This gives him at once a verification and a 
typed copy of the flight plan he has on file. When any 
message in file is cancelled, it thereupon is read out in its 
entirety to a tape perforator; the record of this perforator, 
termed legal storage, constitutes a complete listing of all 
messages upon which action has been completed. Tape 
from the perforator can later be fed into a page printer to 
reproduce a typed copy of any desired portion of the record. 

The system deletes spaces from the received message 
before storing the information contained in it, and restores 
the spaces as the message is read out. This action is based 
on a fixed format for each type of message. 

Buffer registers, called incoming-message-holding units, 
receive messages as they arrive and introduce them into the 
storage system when it is ready, after they have been veri- 
fied. An outgoing-message-holding unit similarly accepts 
the stored information necessary for a reply and relays it to 
a teletypewriter line as available. Incoming- and outgoing- 
message-holding units operate in pairs; an incoming unit 
will accept a message but will not process it into the system 
until the incoming unit has acquired a complementary out- 

going-message-holding unit 
to receive the reply. The 
| preamble of the incoming 





CORRECT INCORRECT 








DETECT LENGTH OF RECEIVED MESSAGE 


message is transferred directly 
to the outgoing-message-hold- 
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SHORT | LONG ing unit for utilization by it in 
formulating the reply message. 

A high-speed message-hold- 

SEEK "SHORT" ing unit is provided also. 
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This is a dual unit which 
handles information both 
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Fig. 1 (left). The logical sequence of filing a flight plan. 
Fig. 2 (right). Subsidiary logic of the storing operation 
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ways between the storage sys- 
tem and a display panel con- 
sole at speeds one order of 
magnitude greater than in the 
teletypewriter lines. 

A special feature of the sys- 
tem is a clock-actuated read 
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FILE NOTIFY 
MESSAGE SUPERVISOR ° . ‘ 
out. By action of this device, 


the storage is searched com- 
pletely every 10 minutes and 
all plans for flights due to de- 
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part within the succeeding 20 minutes are selected auto- 
matically and transmitted to the airport of departure. 
When a flight plan is so activated, a status indexing char- 
acter filed with it by the system is changed to indicate 
“en route status.”’ ‘This indication prevents the same flight 
plan from being read out automatically again during a sub- 
sequent periodic review. Provision is made also for filing 
plans with an en route status initially. This is done when 
the plan is filed within 10 minutes of its departure time or 
when the controller modifies a plan already under his 
scrutiny. 


PROPERTIES OF THE EQUIPMENT 


| grrengns numerical characteristics of the equipment 
are given in Table III. The filing system utilizes 
magnetic drum storage with a capacity of 2,000 flight plans 
and weather reports. These are grouped into two cate- 
gories: short and long. A short message consists of not 
more than 115 characters, a long message can be twice as 
long. Information is stored in the teletypewriter code with 
the characters serial and their five bits in parallel. The total 
information storage capacity of the drum is 316,250 char- 
acters or 1,581,250 bits. 

Stored information is so arranged that during the search 
only the criterion portion of each message is scanned. With 
this arrangement, the entire contents of the information 
store can be searched in eight drum revolutions, approxi- 
mately two fifths of a second. 

The timing pulse rate of the drum is 114 kc. Using a 
fivefold interlace, information is read and written at about 
23 kc. Conversion between the teletypewriter line speed of 
460 characters per minute and internal system speeds of 
23,000 characters per second is accomplished through the 
incoming- and outgoing-message-holding units. More details 
descriptive of the equipment are published elsewhere.® 

A complete set of the equipment which forms the system 
described has been installed for evaluation at the Technical 
Development and Evaluation Center of the Civil Aero- 
nautics Administration at Indianapolis, Ind. An over- 
all view of the installation there is shown in Fig. 3. This 
installation is being connected to operate through an auto- 
matic teletypewriter switching center® (a modified 87D/7 
system), and in co-operation with data transfer and dis- 
play equipment described in a companion paper.’ 


FUTURE PLANS 


) Sgonran for the air-traffic-control system calls for divid- 
ing the country into control zones, perhaps 10 or 15 
altogether, and centralizing the control for each zone in one 
similar equipment located within it. When this is done, 
equipments fer adjacent zones would be connected by tele- 
typewriter lines with automatic switching, so that two equip- 
ments could ‘“‘converse’’ with each other to establish flight 
plans for interzone traffic. The system logic for such oper- 
ation was examined prior to planning the present system, 
and it was designed according to principles which will allow 
such interconnection of equipments. 

Requirements for the ultimate system will not be known 
until after the present one is evaluated. One matter to be 
settled concerns the relative demands for weather and traffic 
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Courtesy of CAA Technical Development and Evaluation Center 


Fig. 3. The flight-plan storage and processing equipment 


information and whether such information should be filed 
on one equipment, as in the present instance, or on sepa- 
rate equipments. 

Another question to be determined is the possible need for 
adding a time reservations facility to the system.? The 
purpose of this facility would be to limit the number of 
scheduled landings and take-offs during periods of an hour 
or less for each airport. The limit would, of course, have 
to be variable because of the influence of weather and other 
conditions which affect the acceptance rate of an airport. 
The means for including time reservations in the air-traffic- 
control system were worked out during the early planning 
of the present equipment, and it was so planned as to per- 
mit the addition of the time reservations feature to subse- 
quent models. ; 

The system described constitutes an initial venture into 
automatic teletypewriter filing and processing of alphabet- 
ical and numerical information. It is also the first serious 
attempt to mechanize the routine of handling air-traffic- 
control information. With the possibility realized of 
machines composing messages and conversing via teletype- 
writer lines, facilities are at hand to further the advance 
of clerical procedures by means of electronics. 
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Variable-Reactance 
Dimming Control for 
Fluorescent Lamps 





by D. D. KERSHAW 


HE INTRODUCTION OF THE FLUORESCENT LAMP in 
"T1830, provided the lighting profession with a new and versatile 

type of light source. The wide public acceptance of fluorescent 
lighting has been due to its inherent advantages such as high efficiency, 
low brightness ratios, better light distribution, and a large selection of 
lamp sizes and colors. The lighting industry with its innumerable 
lighting problems may require new sizes of fluorescent lamps, im- 
proved colors, and lamps with special brightness characteristics to 
serve in new applications. The need for fluorescent lamps in new 
lengths, diameters, and wattages will continue; however, it is known 
that many new and existing applications could be given additional 
flexibility if the brightness of the lamp were controllable. 

A satisfactory means of controlling the brightness of a fluorescent 
lamp has long been the goal of people associated with the lighting in- 
dustry. Several methods of dimming fluorescent lamps have been 
developed and used to some extent in the United States and in Europe. 
Probably the simplest method of controlling the brightness of a fluores- 
cent lamp can be found in primary voltage control. In a system of this 
type, the voltage of the primary of an instant-start ballast can be 
varied by means of a variable autotransformer to give a limited change 
in brightness. This system is limited to a brightness change of approxi- 
mately two to one because an instant-start type of fluorescent lamp 
requires a minimum current of approximately 100 milliamperes (ma) 
in the arc to maintain the electrodes at a satisfactory electron-emitting 
temperature. 

Cold-cathode types of fluorescent lamps operate in a slightly different 
manner from the more commonplace hot-cathode types.! The cold- 
cathode lamp is designed to emit electrons from its cathode by field 
emission while the hot-cathode fluorescent lamp emits electrons by 
means of thermionic emission. Because of the different modes of 
operation of the cathodes, the cold-cathode lamp can be operated over 
a wider range of current than the instant-start hot-cathode lamp, 
thereby giving a greater range of brightness (ten to one). The maxi- 
mum light output of cold-cathode fluorescent lamps is, however, lower 
than hot-cathode lamps due to the limitation of lamp current to a 
maximum value of approximately 200 ma. In general, acold-cathode 
dimming system consists of a high-voltage high-reactance transformer 
with a relatively large number of lamps connected in series.2,_ Dimming 
is accomplished by varying the primary voltage. This system has the 
disadvantage of poor starting characteristics at the low-brightness levels. 















































Fig. 1 (left). Lamp voltage with control reactor set: A—/00% brightness; B— 
80% brightness; C—60% brightness; D—40% brightness; E—20% brightness 
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In recent years there has been a growing demand in 
the lighting fields for a method of controlling the inten- 
sity of light produced by fluorescent lamps. In 1952 a 
new type of dimmer was made available to the lighting in- 
dustry.* This unit is referred to as an electronic dimmer. 

The electronic dimming system has provided lighting 
specialists with a new tool which increased the flexibility 
of fluorescent lamps. This system is capable of providing 
smooth dimming over a range of 100 to 1 in brightness (to 
1 per cent of maximum). In addition, the system provides 
reliable starting voltage throughout its dimming range. 
The electronic dimmer is comprised of three basic elements: 
a pair of thyratrons; a brightness selector; and a ballast 
that provides continuous heat to the electrodes of the 
fluorescent lamp. In the past 2 years more than 100 in- 
stallations of the electronic dimmer have been made in 
stage, auditorium, office, night club, and similar applica- 
tions. The expanding interest in fluorescent dimming 
stimulated the development and design of the dimming 
system described herein. It became apparent that there 
was a need for a low-cost dimming system for home applica- 
tions and small commercial installations where the ad- 
vantages of the more flexible, but more expensive, elec- 
tronic dimmer control are not needed. It is the intention 
of this article to describe a new method of brightness con- 
trol having the advantages of smooth dimming over a 
wide range (50 to 1), high efficiency, and low cost. 


CIRCUIT REQUIREMENTS FOR DIMMING 


i CHARACTERISTICS of a fluorescent lamp are com- 
plex and require basic consideration in order to design 
auxiliary equipment that will give stable control. Since 
all electric-discharge devices have a negative resistance 
characteristic, a ballast is required in series with the lamp 
to limit the current. Dimming fluorescent lamps requires 
that the arc current of the lamp be varied from a nominal 
value down to a current of approximately 1 ma. The 
operation of a fluorescent lamp below a certain current 
level, approximately 100 ma, is limited because the cathodes 
of the lamp rely upon the current density of the arc to main- 
tain its electron-emitting temperature. If the current 
density of the arc goes below 100 ma the cathode tends to 
decrease in temperature. This results in an increase in 
the voltage drop at the cathode and consequently an in- 
crease in the lamp voltage. Since the relationship between 
the lamp voltage and the ballast voltage changes rapidly at 
this point, the lamp becomes unstable and extinguishes. 
To avoid this condition the ballast circuit should be designed 
to heat the electrodes of the fluorescent lamp continuously 
throughout the dimming range. 

If stable operation of a dimming system at the low end 
of the dimming range is to be achieved, the voltage avail- 
able to the lamp on each half cycle must be sufficient to re- 
establish ionization within the lamp. Fig. 1 illustrates the 
change in lamp voltage at various brightness levels. From 
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Variable-reactance-type dimming provides a 
new method of brightness control for fluores- 
cent lamps. It has the advantage of smooth 
dimming over a wide range, from 50 to 1, as 
well as high efficiency and low cost. There are 
many possible applications where the utiliza- 
tion of this type of dimming control will add to 
the flexibility and novelty of an installation. 
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Fig. 2. Circuit diagram of variable-reactance dimmer 
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Fig. 3. Light output and control reactor current versus 
rotation of control reactor for light and total lamp current 
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4A 4B 


Fig. 4. Control reactor B—-H curves: A 


control setting of 80% brightness; 


B—20% brightness. Fig. 6. 


Lamp current 


waveform at 100% brightness, 80% brightness, 60% brightness, 40% brightness, and 20% brightness 


these oscillograms it can be seen that the lamp impedance is 


high at the beginning of each half cycle when the current is 
at a low level. This condition will result in flickering and 
instability if the ballast circuit does not supply sufficient 


peak voltage on each half cycle. 


CIRCUIT DESCRIPTION 
T SOME RESPECTS the theory of operation of the variable- 
reactance-type dimmer is similar to that of the electronic 
dimmer. The electronic dimmer makes it possible to vary 
the current supplied to the ballast and lamp combination 
by means of a pair of thyratrons, back to back, in series with 


the ballast and the lamps. ‘The period of conduction time, 


Fig. 5. Control reactor voltage and current with a brightness of: 


Fig. 7. Composite of starting voltage waveforms: 


reactors; B—same conditions except for the addition of a compensating reactor. 


of the control reactor. 


range without compensating reactor; B—same with reactor 





each half cycle, is controlled by the thyratrons and the 
average current to the fluorescent lamp can be varied by 
controlling the phase of the grid voltage of the thyratrons. 
In a similar manner the reactance-type dimmer provides a 
variable impedance in series with the lamp and ballast to 
effect a change in arc current in the fluorescent lamps. 
The reactance-type dimmer, as shown in Fig. 2, utilizes a 
40-watt rapid-start fluorescent lamp, a special rapid-start 
ballast, and a variable reactor for control (modified variable 
autotransformer). The ballast is designed to provide 
voltage for heating the electrodes of the fluorescent lamp 
to a constant value throughout the dimming range. In 
addition, the magnetic circuit of the ballast is arranged to 


A—100%; B—80%; C—60%; D—40%; E—20% 


A—starting voltage at 100% brightness (sine wave) and 2% brightness without compensating 
Fig. 8. The starting voltage available for any brightness position 
The left-hand side of the photograph indicates the 100% light output position: 


A—starting voltage over the dimming 
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provide the voltage required for starting, and the proper 
impedance to limit the lamp current. The control reactor 
can be varied from zero to full impedance by rotation of a 
knob. One end of the control reactor is connected to the 
green-yellow leads on the dimming ballast and the variable 
contact is connected to the black side of the line. In a 
circuit arrangement of this type the control reactor provides 
a variable impedance in series with the lamp and ballast 
combination. The total current in the control circuit is 
equally divided between the number of ballasts and lamps. 
The load current can be varied uniformly by rotating the 
control knob. The addition of a small compensating 
reactor in parallel provides better control at the low end of 
the dimming range and increases the starting voltage. 

The relationship between light output and control- 
reactor current versus per-cent rotation of the control 
reactor is illustrated in Fig. 3. The curves illustrate the 
characteristics of an 8-lamp dimmer. However, other 
sizes of dimmers have nearly identical characteristics. The 
impedance characteristics of the control reactor allow 
the light to vary in a uniform manner up to approximately 
75-per-cent rotation of the control. The inflection in the 
curve at this point is characteristic of the magnetic material 
used in the control reactor. The light output tapers off at 
a slower rate at the low end of the dimming range for a given 
rotation of the control reactor; this is not a disadvantage 
as the eye is more sensitive to low-level light changes. 

Fig. 4 illustrates the magnetic characteristics of the con- 


Fig. 9. 
scopic effect of 
various colors of 
fluorescent lamps 
at 100% bright- 
ness, 80% bright- 
ness, 60% bright- 
40% bright- 
20% bright- 
A—de luxe 
white; B— 
standard cool white; 
C—red; D—blue 


Strobo- 
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ness, 
ness: 
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trol reactor at 80-per-cent and 20-per-cent light output. 
The sharp B-H curves are indicative of the grain-oriented 
type of iron used in a typical control reactor. The control 
reactor is in saturation over 75 per cent of the dimming 
range. In fact, the inflection in the curve shown in Fig. 3 
is due to the sharp change in impedance of the control re- 
actor as it drops out of saturation. This sudden change in 
impedance gives an undesirable effect since the brightness 
of the lamps will change abruptly. In order to compensate 
for this effect a second reactor indicated in Fig. 2 is placed 
in parallel with the control reactor. The compensating 
reactor is designed to be equivalent to the impedance 
characteristics of the control reactor at the point where it 
is changing from a saturated to an unsaturated condition. 
With this modification of the basic circuit the dimmer 
provides a smooth control of brightness at the low levels. 
The oscillograms in Fig. 5 show the voltage and current 
relationship of the control reactor. Fig. 5A represents the 
condition with the control reactor in a full-brightness posi- 
tion. Since the reactor is at zero impedance, the voltage 
across it is likewise zero. As the lamps are dimmed, the volt- 
age across the reactor increases and the current through it 
decreases. An interesting characteristic of the dimming 
circuit is the ability of the circuit to dim a number of lamps 
less than the full capacity of the dimmer. The removal of 
a lamp from the total dimming load has a negligible effect 
on the light output of the remaining lamps since the reactor 
is operating in a saturated condition and will absorb the 
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same voltage even with large changes in load. However, 
lhe light output does increase in the remaining lamps if a 
tamp is removed at the minimum brightness. The increase 
in light output per lamp remaining in the load is approxi- 
mately 1 per cent of maximum for each lamp removed from 
an 8-lamp dimmer. Therefore, if an 8-lamp dimmer is 
used to operate only four lamps, the effective dimming 
range is reduced from 50 to1to17to1. In larger dimmers, 
22-lamp or 44-lamp, the increase in light output due to a 
lamp load less than full capacity would be of the order of one 
half to one quarter of 1-per-cent full brightness per lamp, 
depending on the size of the dimmer. 

The entire cycle of the lamp current waveshape for 
various brightness levels is shown in Fig. 6. These points 
correspond to light outputs of 100, 80, 60, 40, and 20 per 
cent. 


RANGE OF DIMMING 


i he OBTAIN the maximum dimming range with any known 
type of dimmer, the lamps should be seasoned for 24 
hours or more. This allows the lamps to stabilize, resulting 
in more uniform electrical characteristics of the individual 
lamps. It is preferable to season the lamps at full bright- 
ness when they are first installed. The range of dimming 
accomplished with the variable-reactance-type dimmer is 
approximately 50 to 1, i.e., dimming down to 2 per cent of 
full brightness. The minimum lamp brightness possible also 
depends on the line voltage and the individual character- 
istics, core losses, of the control reactor. The normal 
line voltage changes will cause a variation in the light out- 
put of 1*/, per cent for each 1 per cent change in line voltage. 
It is impossible to hold the characteristics of the control 
reactors to exact values. Minimum brightness levels ob- 
tained with the individual controls may vary slightly. 


STARTING REQUIREMENTS 


§ STATED EARLIER, the simplified dimmer is used with a 
40-watt rapid-start lamp and special ballast. The 
principle of starting and operation is as follows: The elec- 
trodes of the fluorescent lamp are heated continuously by a 
low-voltage winding in the ballast. In addition, the ballast 
is designed to have an output voltage that will start the 
lamp in a grounded metal fixture, or with a grounded strip 
of metal running the length of the lamp and within 3/8 inch 
of the bulb. Under the conditions described, the preheated 
lamp starts because of a combination of capacitive currents 
between the bulb and the grounded metal fixture, and by 
application of the proper voltage at the lamp terminals. 
The reactance dimmer will provide reliable starting voltage 
for the fluorescent lamps over most of the dimming range. 
Fig. 7 illustrates the starting voltage waveforms at the 
minimum brightness compared to the sine waveform at 
100-per-cent brightness. Figs. 7A and 7B compare the 
starting voltage at the minimum brightness with and 
without the compensating reactor. The purpose of the 
compensating reactor is twofold. It not only makes the 
impedance changes in the control reactor more uniform 
but also increases the peak voltage applied to the lamps 
each half cycle. The increase in peak voltage as shown in 
Fig. 7B increases the stability of the dimming system at low 
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brightness levels and also provides for reliable starting at 
the minimum point. The voltage available for starting a 
lamp is illustrated in Figs. 8A and 8B. The photographs 
were taken with the control reactor rotated from 100-per- 
cent light, left-hand side of illustrations, to minimum light, 
right-hand side of illustrations, to show the voltage 
available for starting the lamps at any position in the 
dimming range. Here again the effect of the compensating 
reactor on the peak starting voltage is illustrated. 


STROBOSCOPIC EFFECTS 


pes LIGHT from a fluorescent lamp is made up of two 
components; one is a steady value and the other 
varies at a cyclic rate. The amount of flickering light with 
respect to the steady light varies with the decay rate 
of the phosphor used.‘ Fig. 9 illustrates the flicker 
and steady-state components of light from various 
types of phosphors. In Fig. 9D a blue fluorescent lamp in- 
dicates that the decay rate of the phosphor is practically 
instantaneous compared to the line frequency. On the 
other hand, Fig. 9C represents the light output of a fluores- 
cent lamp with a red phosphor which has a fairly long per- 
sistance. The Stroboscopic illustrations show thelight output 
at points corresponding to 100, 80, 60, 40, and 20 per cent 
of full brightness with the bottom line being the zero light 
reference level. The measureable per-cent flicker in- 
creases as the lamps are dimmed to the minimum position. 
However, the flicker is actually less apparent to the eye as 
the brightness decreases, resulting in very little change in 
perceptible flicker from maximum to minimum brightness. 


WIRING AND CONTROL 


Be VARIABLE-REACTANCE dimming system is designed 
to operate on the conventional 120-volt 60-cycle lines. 
As indicated in the wiring diagram the dimming system 


requires three connecting wires: two are power lines; the 
third is the dimming control line which is connected to all 
ballasts and brought back to the dimming control. In 
many lighting applications, remote brightness control is 
desired. This can be done with the reactance-type dim- 
mer by selecting the proper motor size; the size depends 
upon the torque required for the specific dimming control. 


APPLICATIONS 


ee ARE MANY LIGHTING APPLICATIONS in which the 
variable-reactance fluorescent dimmer can be used to 
add to the flexibility and novelty of an installation. Ex- 
amples are homes, stores, offices, display areas, and luminous 
ceilings. In the home-lighting field, the fluorescent dimmer 
can be used to control the valance lighting for a change in 
atmosphere. Living-room lighting can be varied in bright- 
ness or color to provide the desired conditions for con- 
versation, entertainment, television, and home movies. 
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Determining Economical ACSR Conductor Size 


A. W. FUNKHOUSER 


R. P. HUBER 
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N converting a part of its distribution system from 4 kv 
to 13 kv, the use of steel-reinforced aluminum cable 
(ACSR) for main feeder line construction for the first time 
was decided upon by the Indianapolis Power and Light Com- 
pany. As with other types of conductors, it was necessary 
to limit the number of sizes to reduce stocking problems. 
At the start sizes and stranding can be considered. A 
minimum size of #2/0 is the smallest conductor with ca- 
pacity to carry the maximum load of 260 amperes for which 
the circuits are to be designed. 
thousand circular mils (MCM) was taken since any larger 
sizes would require different insulators, hardware, and a 
heavier class pole than normally employed, and it is esti- 
mated this would make the use of larger sizes uneconomical. 
First, the most economical wire size for each value of 
load up to the maximum of 260 amperes was determined. 
This was based on an annual cost comparison of loss charges 
and the fixed charges on the installed cost of the conductor 
only. Hardware and pole costs would be approximately 
the same for any size as they are determined by other 
factors on our system. The curves of Fig. 1 give the results 
of this comparison, from which sizes can be selected: 


A maximum size of 397.5 





O— 54 amperes 
54— 96 amperes 
96 —114 amperes 

114— 260 amperes 


#2/0 

266.8 MCM 
336.4 MCM 
397.5 MCM 


Since the 397.5 MCM is approximately the same in 
annual cost as the 336.4 MCM over the portion of load in 
which the latter is the lowest, extension of the 397.5 MCM 
to cover this section also can be made. 

Second, the use of the above three sizes for serving a 
growing uniformly distributed load was explored. The 


Fig. 1. ACSR distri- 
bution conductor an- 
nual cost comparison 


Line length—1 mile, static 
load concentrated at end of 
line, line cost includes con- 
ductor costs and installa- 
tion labor only, loss cost— 
$32/kw, fixed charges— 
15.5 per cent 


ANNUAL COST IN DOLLARS 


LOAD AMPERES 


Funkhouser, Huber—Determining Conductor Size 


*NOTE: 397 HELD CONSTANT AT 44.4% 
OF TOTAL LENGTH AND 266 
VARIED AS A % OF REMAINING 
LENGTH. | 


| Fig. 2. Economical 
proportions of ACSR 
conductors in distri- 


bution circuits 


Uniformly distributed load 
along line, length of con- 
ductor—10 miles, initial 
load—2,000 kva, final 
load—6,000 kva, rate of 
growth—11.6 per cent, 
period of time—10 years 


66 82% 


ACCUMULATED ANNUAL COST IN DOLLARS x 10% 


397 & 266 


% OF CCT LENGTH WHICH IS LARGER WIRE 


curves in Fig. 2 show the annual costs for combinations of 
two sizes and of all three sizes in a graded construction 
arrangement. 
economical arrangement for a 2,000-kva initial load with 
11.6-per-cent load growth per year would be the use of 
397.5 MCM for 44.4 per cent of the total length, 266.8 
MCM for 26 per cent, and #2/0 for 29.6 per cent. 
length is no factor except from the voltage regulation stand- 
point. For a 10-mile line, a typical length for the system, 
the regulation can be taken care of by one set of voltage 
regulators and a 300-kilovar capacitor bank installation out 
on the line, in addition to bus regulation at the substation. 
This will limit the regulated primary section voltage drop at 
an ultimate circuit loading of 6,000 kva to the design limit 
of 4'/, per cent. 

It was concluded from this study that the sizes #2/0, 
266.8 MCM, and 397.5 MCM of ACSR conductor would 
best meet the requirements of standardization and economy. 
Use of all three sizes in a graded construction arrangement, 
in which approximately one half the distance is 397.5 MCM 
and the other half is composed of equal lengths of 266.8 
MCM and #2/0, gives the most economical arrangement 
for fairly uniform circuit loading. If load patterns vary it 
is necessary to alter the conductor size accordingly. 


It was proved mathematically that the most 


Line 





Digest of paper 55-159, ““A Method for Determining Economical ACSR Conductor 
Sizes for Distribution Systems,”’ recommended by the AIEE Committee on Transmission 
and Distribution and approved by the AIEE Committee on Technical Operations for 
presentation at the AIEE Winter General Meeting, New York, N. Y., January 31- 
February 4, 1955. Scheduled for publication in AIEE Power Apparatus and Systems, 
1955. 


A. W. Funkhouser and R. P. Huber are with the Indianapolis Power and Light Com- 
pany, Indianapolis, Ind. 


383 











Hlectric 
for 


Kquipment 


Aluminum Anodizing 





EFFICIENCY + 








POWER FACTOR 
CW be BO®aa&’NO 


5 





D. C. GRIFFITH 


ASSOCIATE MEMBER AIEE 


The electric equipment required for aluminum anodizing is described together with background 
information on the processes themselves. The advantages in simplicity and increased production 
obtained by the use of current-limit voltage-regulated motor-generator control are outlined. 


y EFORE considering the problems involved in electric 
B equipment for anodizing aluminum, a brief explana- 
tion of the various processes is in order. Anodization 
or anodic treatment as applied to aluminum and its alloys 
refers to electrochemical processes in which a surface coat- 
ing, consisting essentially of aluminum oxide, is formed on 
the metal by making it the anode in a suitable electrolyte 
and carefully controlling the conditions of electrolysis. 
The physical characteristics of the coating may be varied 
considerably and depend upon a specific combination of the 
electrolyte, voltage, current, and temperature. A varia- 
tion in any of these parameters will usually result in a change 
in the characteristics of the coating. 


COMMON PROCESSES 


Agree PROCESS used in the United States is the sul- 
furic acid or aluminite process. The process is gener- 
ally performed by applying a low potential between the 
anode, which is the work to be processed, and the cathode, 
which is generally a lead-lined tank containing the electro- 
lyte. This potential is increased as rapidly as possible 
without overloading the power supply to 18 volts, where it 
is maintained for 30 minutes. This voltage build-up 
period is required in all anodizing processes and will be 





Fig. 2. Motor-generator set 
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explained in the section on control. According to govern- 
ment specifications, the process may be used for all parts 
fabricated from aluminum alloys except assembled parts 
subject to stress and containing joints or recesses in which 
the solution may be retained. 

The method used far more than any other is the 5- to 10- 
per-cent chromic-acid process. This process is conducted 
in a steel tank acting as the cathode and containing the 
electrolyte. A low potential is applied to the electrodes and, 
without exceeding the capacity of the power supply, the 
voltage is increased as rapidly as possible to 40 volts, where 
it is maintained for 30 minutes. According to government 
specifications, this process may be used for all aluminum 
alloys containing less than 5-per-cent copper. 

Under some conditions, it is necessary to consider current 
density at the anodic contact surface of the work. Burning 
at the contact points can occur if adequate contact area 
cannot be provided. This condition arises with various 
alloys and on materials with an inability to dissipate heat 
rapidly from the contact surfaces—such as thin sheets, or 
materials to which it is difficult to make contact—such as 
irregular castings. Under these conditions, the voltage 
is increased as rapidly as possible while maintaining the 
maximum safe current density. High current density with 
adequate contact area, however, will not burn the work 
provided the film breakdown voltage, about 55 volts, is not 
exceeded. 


BATCH VERSUS CONTINUOUS PROCESS 


HE batch process has the inherent advantage of simplic- 

ity, but the distinct disadvantage of long process time. 
The continuous process has the advantage of speed, but is 
very inflexible. That is, only one type of work can be 
processed at a time. In most plants a variety of work is 
processed through the anodizers. The equipment involved 
for continuous production is very costly in comparison to 
that for the batch process. Few steps are required in the 
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process of anodizing and, since these steps are relatively 
long in comparison to the plating processes, it is generally 
more economically feasible to anodize aluminum by the 
batch process. 


ELECTRIC EQUIPMENT 


Power Supplies. There are two general types of power 
supplies normally used for anodizing. They are motor- 
generator sets and dry-disk rectifiers. 

The rectifier and step-down transformer alone produce a 
constant direct voltage which is not suitable for anodizing; 
an explanation for this is given in the section on control. A 
means for varying the voltage must be provided. The 
variable voltage is provided most economically by means of 
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Fig. 7. Curve of 
process time 
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an induction regulator.and step-down transformer in con- 
junction with the rectifier. 
factor and efficiency versus tank current of this device and 
The power factor is 


Fig. 1 shows curves of power 


a motor-generator set for comparison. 
quite lagging because of the displacement of voltage from 
current in the induction regulator and rectifier transformer, 
and because of the harmonic content in the a-c line current 
due to the rectifier. 

A second type of dry-disk-rectifier power supply consists 
of a series of constant-voltage rectifiers, each of which sup- 
plies a fraction of the final operating voltage to the tank. At 
the beginning of the initial build-up period, only one unit 
is in the tank circuit, and at intervals, increments of volt- 
age are added by switching additional units into the circuit. 
At the end of the build-up period all of the units are con- 
nected in series, and they are supplying power to the tank. 

Another rectifier method uses two or more constant-volt- 
age tanks, each succeeding tank being of a higher voltage 
than the previous tank. The work is moved from the 
lowest voltage tank progressively to the highest voltage tank 
to provide the build-up period. 

Rectifiers have the advantage of low initial cost, small 
physical size, and freedom from moving parts. They are 
used extensively in small installations. 

The usual motor-generator set for anodizing applications 
consists of an induction or synchronous motor driving a 
shunt-wound d-c generator. A differential shunt field is 
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often necessary to reduce the residual voltage. Line con- 
tactors between the generator and the tank are not nor- 
mally provided because of their high cost for the operating 
currents encountered in practice. The load is applied and 
removed from the generator by controlling its field excita- 
tion. A motor-generator set driven by a synchronous 
motor has the advantage of unity or leading power factor 
as well as high efficiency and low maintenance. Because 
- of their low operating cost and the other points in their 
favor, motor-generator sets are used extensively in the 
larger installations. Fig. 2 is a typical motor-generator set 
for this application. 


Process Control. The rate of production, quality, and 
uniformity of product determines the type of process control 
required. Since batch control is more prevalent, it is dis- 
cussed in preference to continuous-process control. 

Before the anodizing process begins, aluminum has an 
extremely thin coating of oxide on its surface, about 0.5 X 
10~* inch, which offers a relatively low resistance to the 
flow of current through the solution. This thin film of 
oxide acts as a dielectric between the work and the solution 
in which the work is immersed thus producing tank capac- 
ity. The tank cell has a low but very definite polarization 
potential in the order of 1 to 2 volts. This must be over- 
come before appreciable current will flow. In fact, re- 
moving the entire potential after anodizing for a period may 
cause a slight reverse current to flow back through a power 
source which will permit it. As the process continues, the 
oxide coating increases in thickness in almost direct propor- 
tion to the product of current and time. This produces two 
very notable changes in the load as seen by the power 
supply. One of these is the formation of an aluminum- 
oxide rectifier in the blocking direction whose reverse to for- 
ward resistance ratio increases with ampere-hour input. 
The second effect is a decrease in the tank condenser capac- 
ity C with ampere-hour input due to increased spacing be- 
tween the electrolyte and the anode. Fig. 3 is the equiva- 
lent tank circuit. 

A simple equation can be written related to the voltage V; 
between the outer surface of the film and the anode. 


i=(V,/R:)+C do, /dt 
where 


C= K,(1 /it) and R, os Kyit 
R, = electrolyte resistance and E = polarizing potential. 


(1) 


Current, at constant voltage, reaches a nearly steady 
value when equilibrium is established between the rate of 
formation and dissolution of the film in the electrolyte dur- 
ing the final stages of anodizing. The problem, then, is 
how to handle the changing load characteristic during the 
initial stages of the process. 

The best solution is to reduce the starting voltage to the 
point where the initial current of the tank does not exceed 
the safe overload capacity of the power supply. As the proc- 
ess continued, the voltage would be increased until it 
reached the operating value at which time the supply 
would be operating near its rated output current. 

In large anodizing installations, completely automatic 
control is used. The initial cost of this equipment is high, 
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Fig. 8. Current 
limit anodizer with 
remote control 


but it is more than offset by elimination of the human ele- 
ment of manual control, and thus a more uniform quality 
product is obtained. 

There are two automatic methods for controlling the en- 
tire process with motor-generator power supplies. The 
same type of control, of course, can be applied to dry-disk 
rectifiers as well. The first is a voltage programming 
method. Fig. 4 is a block diagram of a control of this 
type. An auxiliary relay initiates and concludes the cycle 
by closing and opening the generator field circuit. The 
motor-driven rheostat controls the reference of the voltage 
regulator, and thus the generator output voltage. The 
time for the initial increase of voltage is set by adjusting the 
speed of the motor-driven rheostat to meet the generator 
load conditions previously mentioned. When the voltage 
reaches the desired operating value, the rheostat arm 
operates a limit switch which shuts off the motor driving 
it, and turns on the timer. The timer, at the end of its 
preset cycle, completes the circuit to the annunciator, warn- 
ing the operator that the process is complete and the work 
is ready for removal from the tank. Fig. 5 is a typical con- 
trol panel for this process. 

The second automatic method is the current-limit volt- 
age-regulated method for controlling the anodizing opera- 
tion. Fig. 6 is a block diagram of this type of control. The 
voltage regulator can be preset at the operating voltage, 
and when the process begins, the generator is controlled 
by the current-limit control which derives its signal from 
the generator commutating winding, a shunt, or bus flux. 
This control is adjusted so that the current is within safe 
generator overload capacity, or it may be manually ad- 
justed to any current less than this in the event of poor con- 
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tact with the work, or inadequate heat dissipation at the 


contact surface. With this control, the voltage of the 
generator will automatically reach the operating value in 
the minimum possible time with the power equipment 
available. As the current drops below the adjusted limit 
of current at the operating voltage, the regulator begins to 
control voltage at the tank and a control relay operates 
and completes the circuit to the timer. At the end of the 
preset time, the annunciator sounds warning the operator 
that the process is complete. This method is not only the 
fastest and simplest economically available, but it takes ad- 
vantage of the short-time overload rating of the power sup- 
ply which, in the case of most quality motor-generator sets, 
is 125 per cent. The current limit scheme has the addi- 
tional feature of self-protection from overload which could 
occur from short circuits in the tank at any time during the 
process. Fig. 7 is a curve of voltage and current versus 
time for the current-limit and voltage-program methods 
showing the decreased process time using the current-limit 
method. In these curves, the current drops at the end of 
the build-up period. This is due to the capacity effect 
and increased rectifier resistance with time. The drop in 
current is not instantaneous because of the resistance- 
capacitance time constant of the tank “‘condenser” and the 
electrolyte resistance. Fig. 8 is a typical control of this 
type. 

Instrumentation and Metering. The temperature of the 
solution, as previously noted, must be held to fairly close 
tolerances. This can be supervised with a recording ther- 
mometer. The thickness of the oxide is almost directly 
proportional to the product of current density and time, 
therefore, an ampere-hour meter will provide a direct indi- 
cation of the film thickness. Of course, a recording volt- 
meter and ammeter will provide supervision of the program 
process. A pH meter is required to determine the per- 
centage of free acid in the electrolyte solution. 





SUMMARY 


ie most common methods for aluminum anodizing 
used today are the 5- to 10-per-cent chromic-acid and 
the sulfuric-acid batch processes. For most large installa- 
tions, the synchronous-motor-driven shunt-wound-genera- 
tor power supply with automatic process control provides 
the best means for anodizing, while in small installations, 
manually controlled dry-disk rectifiers are preferable. 
The automatic control which utilizes to greatest advantage 
the power available from the supply, or the power accepta- 
ble by the work, is the current-limit voltage-regulator system. 
This control can be adjusted to reduce the process cycle to 
the absolute minimum that conditions will permit. 
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Allis-Chalmers offers a service which analyzes trans- 
former noise from the standpoint of the environment in 
which the transformer will be installed. Ambient noise in 
the area surrounding a planned transformer site is care- 
fully studied. This includes the effects of topography, sub- 
terannean rock formations, day-night, and other variations, 
as well as both measurements and recordings over the 
entire noise spectrum. A full complement of specially de- 
signed equipment is being used by the survey crew. These 
measurements can form the basis for reproducing an 
accurate replica of the ambient noise. An outdoor labora- 
tory at Carrollville, Wis., with an unusually low ambient- 
noise level, permits a number of variations in the survey. 
Facilities to energize any rating of power transformer under 
accurately controlled conditions are available. This service 
is offered at nominal cost to any power company. 
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Allis-Chalmers engineers take sound level readings and super- 
impose this transformer’s recorded sound level on a recorded 
ambient at a proposed installation site 


387 











An Electronic Blood-Count Meter 


P. L. FROMMER 


STUDENT MEMBER AIEE 


A direct-reading blood-count meter is de- 
scribed which yields results independent of 
particle size and coloration, rate of sampling, 
and quantity sampled. Errors from zeroing, 
changing sensitivity, and changing illumination 
are eliminated by a grid-current ratio amplifier. 


HERE is a real need in the clinical laboratory for an 
jo accurate, and inexpensive instrument 

capable of determining the number of red and white 
cells per unit volume of blood.'! Before undertaking the 
discussion of the instrument that has been developed for 
this purpose, a clear understanding of certain physical 
properties of blood is necessary. 

In human blood, the red cells, which are approximately 
disk shaped, average 0.0003 inch in diameter and 0.0001 
inch in maximum thickness and have a normal count 
(number of particles per cubic millimeter) of 5 million; 
the white cells are on the order of twice as large but occur in 
far lower concentrations, around 7,000 per cubic millimeter. 
In clinical problems, the dimensions of the cells vary con- 
siderably—in a given sample there may be red cells with 
diameters ranging between 0.0001 and 0.0005 inch;? the 
coloration, specific gravity, and refractive index are also 
variables.* Red-cell counts may vary between 1 and 9 
million, while white-cell counts may range from 1,000 to 
200,000. 

Because of the high initial concentrations, diluting the 
blood before making counts is standard practice. Red- 
cell counts neglect the error introduced by the presence of 
the comparatively few white cells; for white-cell counts, 
a diluent is used that destroys the red cells without affecting 
the white ones. 
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Fig. 1. Block diagram of the electronic blood-count meter 
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PRIOR ART 


g tes classical manual technique of counting blood cells 
consists of placing a dilute sample on a microscope slide 
and counting the number of cells visible on certain ruled 
areas on the slide. It is slow, fatiguing, and liable to human 
error.‘ 

The earliest automatic methods, depending upon the tur- 
bidity of the sample,5~’ have been improved so that com- 
pensation for cell size is partially achieved over the small 
range in which the majority of normal red cells occur.” 
Counting particles individually as they appear in a limited 
microscope field has been tried frequently.*® The elec- 
tronic scanning of a microscope field and counting the num- 
ber of pulses is the most recent development,” but the ex- 
pense of the necessary closed-loop television system is great. 
One embodiment of this scanning technique is the only auto- 
matic means that does not require uniform particle size for 
accurate results. In order to count large particles only 
once, this unit scans two adjacent lines of the raster simul- 
taneously and registers a count only when there is a signal 
from the lower beam and none from the upper one." 


THE NEW TECHNIQUE 


= the previous art has dealt with efforts to determine 
the total number of particles in a given volume of 
sample by inspecting a known quantity of solution and 
either counting individually the number of particles in it 
or by obtaining an over-all count as by measuring the light 
transmission. The principle of this instrument is entirely 
different—it is to determine the average volume of solution 
per single particle, which is the reciprocal of concentra- 
tion.” 

This is determined in the following manner: A very small 
inspection zone is observed—one so small that, as the sample 
passes through it, most of the time there is no particle in the 
zone. However, the instrument determines the fraction of 
time during which there is a particle in the zone. This 
fraction is a direct measure of the average volume per par- 
ticle according to the expression : 


average volume volume of inspection zone X total time of inspection 
= 





particle total time particles are present 


Notice that the result is independent of the quantity sampled, 
the length of time of sampling, and the rate at which the 
sample is passed through the inspection zone. 
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THE INSTRUMENT 


AS shown in Fig. 1, the instrument that was constructed 
consists of a microscope, a photomultiplier tube view- 
ing the microscope field, an amplifier, a clipper, and a 
d’Arsonval-type meter on which the concentration is read. 

The diluted sample is placed upon a special microscope 
slide. A channel down the length of the slide permits the 
cover glass to enclose a constant known depth of sample. 
Then the inspected volume is the depth of this sample times 
the area viewed by the photomultiplier. Movement of the 
sample through the inspection zone is accomplished by 
manually moving the entire slide with respect to the micro- 
scope objective. Movement need not be along any par- 
ticular path, nor does it have to occur at constant speed. 

The microscope is dark-field illuminated; the photo- 
multiplier tube viewing it generates current pulses during 
the presence of particles in the inspection zone. A grid- 
current ratio amplifier is used to discriminate these pulses 
above the “dark current” due to stray illumination. The 
output of this amplifier is fed to a clipper, which generates 
constant current during signal from the photomultiplier, 
and zero current otherwise. A d-c microammeter deter- 
mines the average value of this pulsating current. 

Note that this average current is equal to the amplitude of 
the pulses multiplied by the fraction of time that they are 
present, which is the same as the fraction of time that par- 
ticles are in the inspection zone. Since it has been shown 
that this is a measure of volume per particle, it is possible to 
calibrate the microammeter in units of concentration. 

Compensation must be made in the meter calibration for 
the random distribution of particles, which occasionally re- 
sults in the simultaneous presence of more than one par- 
ticle within the inspection zone. This is a simple problem 
in the mathematics of probability. Also, to assure ac- 
curacy, the width of the inspection zone is made great in 
comparison to particle width so that the signal rise time, 
which is dependent upon particle size, is small relative to 
the total time of the signal. 


OPTICS 


Wk optics of the instrument were built around a standard 
microscope, as shown in Fig. 2. In order to obtain 
sharp contrast between the signal from a particle and the 
background, dark-field illumination is employed. This 
means that the field seen through the microscope appears 
black and any particle in the field shows up as a point of 
light. This is done very simply on any microscope by plac- 
ing a mask in front of the center of the condenser lens, thus 
permitting only those beams of light to illuminate the slide 
that will not pass directly into the objective lens. How- 
ever, any particle on the slide will cause dispersion of the 
light falling upon it and some of this dispersed light will fall 
upon the objective, which directs it to the photomultiplier. 

The field inspected by the photomultiplier is limited by 
a mask in the plane to which the objective normally focuses 
the slide. This permits the microscope to be brought to 
focus by the regular eyepiece, which is then removed and 
replaced by the phototube chamber and its mask. 

To avoid 120-cycle noise, the slide is illuminated by a 
lamp fed by half-wave rectified resistance-capacitance fil- 
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LIGHT FROM LAMP 


Fig. 2. Optical system for the meter 


tered direct current. Provision must be made to shield the 
microscope from intense stray illumination such as direct 
sunlight. 


THE AMPLIFIER 


HE very small amount of light dispersed by a single 
blood cell requires a highly sensitive detector, so a 
photomultiplier is a natural choice. But the sensitivity of 
a photomultiplier varies greatly both with time and with 
applied voltage. For instance, 1-per-cent change in ap- 
plied voltage may cause a 20-per-cent change in output 
current. There are also such variations in the optical sys- 
tem as lamp brightness and microscope adjustments. How- 
ever, experience has shown that a signal to dark-current 
ratio of 2:1 and a signal to noise ratio of 5:1 is approxi- 
mately maintained. Thus the best method of determining a 
signal is by comparing it to the dark current, not to an abso- 
lute value. The grid-current ratio amplifier accomplishes 
this and thereby completely eliminates the sensitivity ad- 
justments and dark-current nulling commonly encountered 
in sensitive phototube circuits.* This is accomplished ac- 
cording to the following theory: 
Because of the Maxwell distribution of velocity of elec- 
trons emitted by the cathode, if grid current flows in a tube 
the grid will assume a voltage 


V,=at6 log I, 


where a and 6 are constants. 
Then if J,, is the grid current due to stray illumination 
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Fig. 3. Schematic diagram of the photomultiplier, amplifier, 
clipper, and meter for the electronic blood-count meter 


and J,, is the grid current when a signal is present, the peak- 
to-peak alternating voltage on the grid will be 


Vi2—Ve. =(a tb log Ip2)—(a+é log I.) 


=b(log I,2—log I.) 


Te 

=6 log < 

Ter 

Then, assuming linear operation, the peak-to-peak al- 
ternating voltage on the plate will be 


Ey: — Ep, =c log fa 
Tey 
where ¢ is a constant. 

Note that the output of this grid-current ratio amplifier 
is proportional to the ratio of signal to dark current, not 
to the absolute value of the signal amplitude. This has been 
verified experimentally by varying the voltage to the photo- 
multiplier from —670 to —1,200 volts, which varies the 
sensitivity by a factor of 100, with the output of the grid- 
current ratio amplifier remaining constant within 3 per 
cent. In other applications, this grid-current principle 
has been found useful for grid currents in the range from 
10~* to 10-* ampere. 
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Fig. 4. Power supply for the electronic blood-count meter 
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As shown in the schematic diagram of Fig. 3, the photo- 
cathode of the photomultiplier is given a high negative 
voltage, such as —900 volts. Nine dividing resistors to 
ground provide proper voltages for the first eight dynodes, 
the eighth dynode in this case assuming a potential of — 100 
volts. The plate is brought to +150 volts; the ninth dynode 
is connected directly to the grid of the ratio amplifier. Such 
a connection is necessary because the ratio amplifier re- 
quires current flowing into its grid. The floating ninth 
dynode with respect to the rest of the photomultiplier is 
done so that the rest of the photomultiplier and the high 
voltage may be definitely referenced to ground. With the 
circuit used, the current to the grid of the ratio amplifier 
is the difference between the plate current of the photo- 
multiplier and the current between the last two dynodes. 

In addition to the stable operating point thus described, 
there is a stable condition in which the ninth dynode assumes 
a potential slightly more negative than the eighth dynode. 
Under these conditions, grid current to the ratio amplifier is 
completely cut off due toitshighly negative grid and the plate 
current of the photomultiplier is cut off for lack of secondary 
emission. Between these two points of stable equilibrium, 
there is a point of unstable equilibrium at which the second- 
ary emission of the ninth dynode exactly equals the current 
reaching it from the eighth dynode. The undesirable stable 
condition is prevented by connecting the ninth dynode to the 
cathode of a diode, the plate of which is maintained around 
— 10 volts. 

The operation of the grid-current ratio amplifier has al- 
ready been discussed. The signal from its load resistor is 
capacitor coupled to the first triode of the clipper stage 
where a diode provides d-c restoration. This grid is given 
a positive potential with respect to ground so that cathode- 
follower action in this triode develops sufficient voltage 
across the common cathode resistor so that the grounded grid 
triode is kept cut off in the absence of signal. The signals 
to the first triode, which are all negative pulses, are of suffi- 
cient amplitude to drive that tube to cutoff, permitting cur- 
rent pulses of constant amplitude in the second triode. The 
capacitor from B+ to the plate of this triode causes the load 
resistor and the series microammeter to be affected only by 
the average plate current, that is, the average value of the 
current pulses. Thus the microammeter reads the fraction 
of time that a signal is present according to the expression 


total time signals are present 





Tave = Imax 
total time 

Imax is made, say, five times the current required for full- 
scale deflection on the microammeter, so that if particles 
are present one fifth of the time, full-scale deflection will 
result. If Jax were made many times the current required 
for full-scale deflection, scale changes could be accom- 
plished by switching to appropriate meter shunts. In any 
case, going back to the optical system, a different objective 
lens or a different mask could be used to change the in- 
spected volume and thereby change the scale. 

It should be noted that since the load resistor of the last 
triode acts only upon the average current, the plate voltage 
will be that corresponding to the average plate current. 
Since the amplitude of the current pulses is slightly depend- 
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ent upon the plate voltage, compensation must be made 
in the meter scale for the slight decrease in current pulse 
amplitude when current pulses occur for a greater fraction 
of time. 

In practice, the first triode of the clipper must be given 
sufficient positive bias that the amplified Johnson noise 
from the photomultiplier will not permit conduction in the 
second triode. Also, the amplitude of the signal coupled 
from the ratio amplifier must be adjusted so that the proper 
portion of the signal pulse is clipped out by the clipper stage. 


THE POWER SUPPLY 


HE schematic diagram of Fig. 4 shows a conventional 

full-wave condenser-input filtered-B+ supply capable 
of delivering 400 volts with a 100-milliampere current drain. 
This is far more power than is necessary, for only 20 milli- 
amperes is used for the voltage-regulator tube, regulated 
150 volts, and 25 milliamperes is used for the regulated 
—650- to —1,350-volt 1.35-milliampere supply. This high 
voltage is the triple resistor-capacitor filtered half-wave 
rectified output of a tickler coil r-f high-voltage oscillator. 
Regulation is achieved by controlling the B+ to the oscil- 
lator through a series tube, the grid of which is controlled 
by the amplified voltage appearing between ground and the 
reference tap on the voltage divider going between the regu- 
lated +150 volts and the negative output. The output 
may be varied by adjusting the variable resistor in the upper 
arm of this divider. Regulation is maintained within 0.2 
per cent from zero to full load (1-megohm load) at any out- 
put voltage. 

An r-f oscillator high-voltage supply was chosen because 
of the low-ripple output possible with low-capacitance fil- 
tering and the resulting safety to life, as well as for its adapt- 
ability to regulation. However, with the amplifier that 
has been developed, regulation of the high voltage is proba- 
bly unnecessary. 


CONCLUSIONS 


. ‘HE instrument that has been constructed appears to 
meet the requirements for a useful particle-concentra- 
tion meter. 


1. Simplicity of operation requires the technician to 
move a slide under the microscope objective and to read 
the blood count directly from the deflection of a meter 
needle—there are no zeroes to set, nulls to balance, or size 
compensation factors to apply. White-cell counts may be 
taken by using a smaller dilution and reading the meter on 
a different scale. 

2. Low cost is inherent in a system that requires only 
a 5-tube amplifier and a 6-tube power supply, all using only 
standard inexpensive components. There are no optical 
or mechanical parts not already found on all standard micro- 
scopes, except the slide, the phototube housing, and the light 
mask. The whole instrument may be considered a micro- 
scope accessory. 

3. The accuracy of the instrument has not been tested, 
but there appear to be no inherently inaccurate parts in the 
electronics, while the optics in combination with the elec- 
tronics have the advantage of yielding results substantially 


May 1955 





Frommer—Blood-Count Meter 





independent of particle size and coloration, and rate of 
sampling. 

4. The versatility of the instrument makes it useful not 
only for both red- and white-cell counts, but for micro- 
scopic-particle counts in general—for dust and plankton 
counts, and for impurity and colloid counts in chemical 
solutions. 
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DuMont transistor preamplifier can amplify 1,000 times 
electric signals of a millionth of a volt and power of a 
billionth of a watt 
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Rotary generator and human capacitance in the early 1740's 


The Electrical Flare 
of the 1740s 


LLOYD ESPENSCHIED 


FELLOW AIEE 


conscious of gentle mysterious attractions which 

accompanied the rubbing of certain surfaces. Then, 
in a single decade of the 1700’s, there was awakened from its 
long sleep what proved to be a giant bent on dealing 
startling shocks and bolts of fire. This awakening was part 
of the most dramatic and portentous wave of advance in the 
entire annals of electricity, to be matched in public partici- 
pation only by the fireworks attending modern radio, 
electronics, and atomic fission. 

The following is an example of the accounts of the time 
taken from a British periodical of 1745,' “An historical 
account of the wonderful discoveries, made in Germany, 
etc., concerning Electricity.” After citing yet earlier dis- 
coveries, the article reports that the German naturalists 


eres TIME IMMEMORIAL man must have been 
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** ..then took the subject under examination. And from 
the year 1743 they discover’d phenomena, so surprising 
as to awaken the indolent curiosity of the public, the 
ladies and people of quality, who never regard natural 
philosophy but when it works miracles. Electricity became 
all the subject in vogue, princes were willing to see this new 
fire which man produced from himself, and which did not 
descend from heaven. Could one believe that a lady’s 
finger, that her whale-bone petticoat, should send forth 
flashes of true lightning, and that such charming lips could 
set on fire a house? The ladies... resorted from all parts 
to the public lectures of natural philosophy, which by that 
means became brilliant assemblies.” 


Less brilliant as an assembly, perhaps, but again reveal- 
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Important and little-known information about the progress made in 
electrical science during the decade of the 1740’s is presented. 
Emphasis is placed on the German contributions in that period. 


ing of the times, was a classroom at Harvard in colonial 
New England, in the course of which the professor? echoed 
the European excitement in these words of 1746: 


“*...this Electricity since the year 1743 has made a con- 
siderable noise in the World.” 


The noise was actual, in the sparks, and figurative in the 
mind. What follows is an attempt at tracing and inter- 
preting the tide of advance that was causing it, in the light 
of modern understanding; although it must be admitted 
that the physics of surface or contact electricity has not yet 
been mastered. ‘To ascertain what went on, one must con- 
sult the original literature, difficult as it is to find, for the 
experiments were not adequately reported by later writers. 
Electrostatic electricity was a technique of extremely high 
impedance characterized by discharges in air and in vacua, 
an understanding of which has been greatly aided by the 
modern technology of radio and electronics. 


PRECEDING KNOWLEDGE 


|. omnis the interest in the world concerning elec- 
tricity had not arisen out of thin air, but rather from 
the solid base of previous experience. This had been in the 
realm of weak manifestations, but established recognition of 
electrical conduction and insulation—the fact that some 
bodies convey electricity and some do not—and that those 
which do not can be used to prevent escape from those which 
do. This combination of the conductor and insulator must 
have been experienced for millenia in one way and an- 
other. It occurs in the commonly experienced case of a 
person scuffing across a rug and planting a spark on the nose 
of a friend. In such an instance several actions are recog- 
nized today: generation of the charge in the shoe—rug con- 
tacts; passing of it to the conducting body; provision of 
insulation-to-ground in the rug; and the accumulation of 
the successive scuff-charges in the body is appreciated by 
virtue of its capacity to ground. In many such mechanical 
actions the human body must have constituted man’s first 
condenser (capacitor) as well as generating mechanism, 
but the “tumbling”’ to the situation was a long time coming. 
It came about as, in the course of groping trial, man sep- 
arated the two functions of generation and conduction to 
another body. The two most immediately concerned in so 
doing were Stephen Gray, an ingenious ‘‘Poor Brother’ in 
England, and Charles Frangois du Fay, chief of the Royal 
Botanical Garden, Paris, France, a broad-gauged natural 
scientist. 

Back in the mid-1600’s Otto von Guericke, he of the 
vacuum pump and the Magdeburg evacuated spheres for 
demonstrating atmospheric pressure, reported having 
observed the extension of the electrical influence over a 
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string a few feet long. In the 1720’s, starting anew, Gray 
demonstrated transmissions over highly insulated cords up 
to several hundred feet long. He communicated the 
charge also to a boy suspended on silk cords, perhaps the 
first deliberate use of the human body as a conductor sep- 
arate from the generating function. The effects were weak 
and he employed for detection the attraction of light bits 
of material. His experiments appeared in the Philosophical 
Transactions of the Royal Society of London.* 

Taking up from Gray, du Fay carried on with better ex- 
perimental facilities and covered a wider range of condi- 
tions. The use of the human being as a “live” conductor 
was quite in keeping with the “grand manner” experi- 
mentation of the time, and he permitted himself to be the 
suspended being. Thus he experienced from within, as it 
were, the cobweb hair-raising sensations and the prickly dis- 
charges which he likened to fire. His electrification may 
have been more intense than Gray’s, with whom he was in 
communication, and probably the climate more dry, for he 
increased the distance of transmission over a cord to over 
1,000 feet. Finally he made the capital observation that 
a charge produced on a vitreous or glasslike surface and 
that produced on a resinous or amber surface had opposite 
effects. This led to the recognition of the fundamentally 
dual nature of electricity, what is now called plus and 
minus.‘ 

The state of knowledge immediately following these 
pioneers, constituting the base of the advance of interest 
here, is well indicated in an essay on electricity written in 1742 
by Dr. Joseph Desaguiliers which won a prize. It was he 
who contributed the word “conductor” and the counter term 
“nonconductor,” and promoted appreciation of the co- 
operative combination of the two classes of material. Of 
the action of an insulated metal bar in accumulating a 
charge from a rubbed glass tube, he says: 


“The Bar gives accumulated Effluvia of the Electricity 
which it receiv’d from all its Length, and from the Tube at 
several applications.’’® 


Throughout the experiments of Gray and du Fay, and 
the teaching of Desaguiliers, the generator employed con- 
tinued to be the time-honored rod of dielectric, successively 
rubbed and presented to the metal charge-collector. The 
generation and transference thereto was spasmodic and the 
quantity of electricity collected small. Yet the advance 
was fundamental and formed the base for the spectacular 
chain reaction that was to follow. 


SPARKING OF THE FLARE 


oe cuRIOsITY being international, the German 


professors then assayed the subject. They soon set off 
a period of feverish enthusiasm reflected in the passage 
quoted earlier from the English periodical. The one who 
sparked the new developments, starting about 1740, was 
George Matthias Bose, professor of natural philosophy at 
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Fig. 1. Speeded-up 
self-contained gen- 
erator, 1744 

















the University of Wittenberg. Contemporary with him was 
Christian August Hausen, professor of mathematics at 
Leipzig. Both men in their fresh approach were dis- 
satisfied with the limitations of the rubbed glass tube and 
sought to strengthen the generating action. Each, appar- 
ently independently, harked back to a rotated glass globe 
that had been experimented with by Francis Hauksbee 
several decades earlier. Hauksbee’s machine comprised 
a hollow glass globe mounted on a spindle, belt-driven 
lathelike from a hand-cranked wheel. The charge was 
generated by rotating the globe against the friction of the 
palm of the hand as Otto von Guericke had done long be- 
fore using a sulphur globe. Hauksbee’s approach had been 
to study the mysterious glow that long had been observed 
in a Torricelli vacuum upon agitation of the mercury 
column. Hence Hauksbee had used an evacuated rotating 
globe, and as he applied hand friction concentrated atten- 
tion on the glow discharge within. He was not moved to 
lead the charge off into a conductor as Gray did soon after, 
but employed only the rubbed rod. 

Thus the adoption by the Germans of the Guericke- 
Hauksbee rotary generator, in combination with the large 
conducting body employed by Gray and du Fay, amounted 
to a new system as was soon demonstrated by magnified 
effects. The consequences were of a new order of magni- 
tude because continuous generation kept the conductor, 
a capacitor, stored full and the level was higher than before 
by virtue of the faster rubbing effected. The enhanced 
effect was analogous to that experienced in early radio in 
going from the discontinuous spark transmitter to the con- 
tinuous-wave generator. A disconcerting result reported 
to have been found by Bose was 


*“«.. that the kisses of a lady placed on the pitch” (insula- 
tion) “and electrified with the globe of glass, were as irksome 
as wounds by the pain which they caused. This gallant 
experiment he relates in a manner as if he would have us 
believe that he thought himself sufficiently pay’d for the 
smart which he suffered; but for all that he durst not 
renew his kisses more than three times.’’® 
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A more awe-inspiring outcome was the striking of fire 
electrically, this through the intermediary of a highly in- 
flammable substance such as gunpowder or a spirituous 
drink. What is more, the fire came from the tip of one’s 
finger. Even from the surface of water, hot sparks could 
bedrawn. The excitement was the greater because fire was 
then regarded as one of the four fundamental elements of the 
universe, which added to the mystery of, and respect for, 
the new force. This so-called “‘phlogistic” or “‘flammific 
quality with which the electric globe endues animals and 
metals,’ seems to have been discovered not only by Bose 
but also by Ludolf of Berlin and Gralath and Hanou of 
Danzig, an example of how inevitable are the consequences 
of a new combination, continuous generator plus storing 
capacitor. 

A typical experimental setup of the time is shown in 
title picture. This appeared in a 1752 French translation 
of William Watson’s “Sequel to the Experiments...” 
dated 1746, but is a good representation of the generating 
system used by Bose, Hausen, and others in Germany some- 
what earlier. The person on the far right (B) provides the 
motive power. The woman (D) applies by hand fric- 
tion to the rotating globe. The boy (£) in the center, who 
appears to be swimming, is highly insulated from ground 
by being suspended on silk cords. His feet in close prox- 
imity to the globe take off the charge which permeates his 
body, storing therein the charge. He communicates the 
charge to the girl (G) standing on a tub of insulating pitch, 
who thus adds to the storage capacity of the system; 
between them they provide a high-impedance load which 
more or less matches the high internal impedance of the 
frictional generator. Above to the right is an inanimate 
form of capacitance, a fair-sized metal rod or tube, highly 
insulated on cords, which was coming to be called the 
“prime conductor.” Here, it is not connected to the 
generator. To the upper left are bells which are rung 
electrically through the action of the dielectric clapper C 
in being alternately attracted to and repelled from the bell 
A when charged (invented by Andrew Gordon). Al- 
together, this was a spectacular laboratory technique reveal- 
ing the ingenuity and spirit of experimentation of the 
period. 

By 1743 Bose and Hausen each published a work in 
Latin. The frontispiece of the Hausen brochure is a fore- 
runner of the above and appears to be the first illustration of 
the vital combination of the day—the rotating generator 
linked to capacitance in the form of the human body. The 
latter, however, was still being generally regarded as simply 
a conductor. Bose published in Germany three Latin 
treatises by 1743, and the following year reprinted them with 
an addition. One of the three was a poem, the first to 
sing the praises of electricity, and one of the themes therein 
was so-called “‘beautification” of the human being. This 
was the most mysterious of his staged effects. A halo glow, 
such as surrounds the head in old religious paintings, was 
produced electrically about a living person. The trick 
turned out to be this: Concealed by clothing, the person 
wore a coat of armor provided with an array of points which 
produced corona discharges. The British, who were then 
having difficulty in repeating the German demonstrations, 
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probably because of their damp climate, were particularly 
puzzled over this one, and gave no evidence of appreciating 
it even when the secret was “‘declassified” by its author. 

By 1744 the German work was being reported in the 
Philosophical Transactions of the Royal Society, through 
letters written by Bose himself, by Heinrich Winkler, 
professor of Greek and Latin at Leipzig, and by Samuel 
Christian Hollmann, professor at Géttingen. Included 
were improvements being made in the generating machines. 
Winkler had undertaken to make the machine smaller 
and simpler to handle, by using a smaller rotor sped 
up by means of a foot pedal, and by replacing the hand 
application of friction, which required a second person, by 
a cushion made part of the machine. One of the early 
Winkler machines is shown in Fig. 1, taken from his 1744 
book, the first of three in as many years.* Hollmann made 
two improvements: one, a more accurate mounting of the 
glass globe on its axis permitting higher speeds;* the other, 
a better take-off of the charge into the prime conductor, 
comprising tinsel threads affixed to the conductor and en- 
gaging the surface of the rotating sphere without danger of 
harsh contact.'° 

Something of the state of the art as of 1745 is illustrated 
in Fig. 2, taken from Winkler’s second book. The interest- 
ing machine on the left unites in parallel into a common 
prime conductor (shown vertically in the middle) eight 
rotors of cylindrical form disposed in two groups. Each 
group is provided with a rack of friction pads shown at sub 
Fig. 8, all spindles being driven by belt from the large 
wheel. In the machine at the lower right, sub Fig. 9, the 
rotors are disposed with their axes vertical, a rubbing pad 
being indicated at the right, g. Above, right, are various 
forms of brush discharges from points, in air and in vacua. 
Near them is a multiple bell arrangement mounted on a 
circular base. Winkler’s care in trying to formulate the 
principles underlying his studies is well illustrated by his 
statement of the mutual relation that exists between di- 
electric and conducting materials. In a section entitled 
“The Strengthening of Electric Sparks,” he says: 


“The smaller the supporting substance (dielectric) of an 
electrified (conducting) body, the more its electricity in- 
creases and propagates, the stronger are the electric 
sparks. 

“In the same way, the electric sparks are strengthened 
when one increases the mass or matter of an electrified 
(conducting) body.” 


DISCOVERY OF THE CONDENSER 


GREAT INCREMENT to the flare was to occur in the 

discovery of the actual electric condenser, in the form 
of the Leyden jar, during 1745-46. Priestley called it 
. “the most surprising discovery that has yet been made in 
the whole business of electricity.”"' In principle the con- 
denser already had been discovered in the capacity of 
large conduction bodies to accumulate electricity; but 
principles are after-the-fact generalizations. Such a radi- 
cally different form of thing as a condensed condenser 
remained to be found the hard way, by experimental 
accident. 
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Inevitable it was in the spreading experimentation, in- 
volving the leading of electricity into all manner of materials 
and vessels, that someone would electrify a conducting 
insulated substance lying close to another conducting area 
not insulated. Probably the first encountering of this 
condition, which was to manifest itself by an enhanced 
spark, will never be known. But two experimenters who 
came upon it independently and almost simultaneously, 
and recognized the signal, are known. 

The earlier was the dean and prelate of the Cathedral of 
Camin near Danzig in Pomerania, von Kleist in October 
1745. He found that if a conductor is inserted within a 
glass tube, then when the tube is rubbed, sparks can be 
obtained from the conductor. (Presumably the hand 
doing the rubbing supplied the outside grounded con- 
ductor.) Next he found that if one takes a narrow-necked 
vial, inserts in it the conductor in the form of a nail, grasps 
the vial, and presents it to an electrifying machine; then, 
upon withdrawing, a flame follows, especially if the inside 
conductor is accompanied by a liquid. Here the nail and 
liquid provided the inner coating and the grasping hand 
the outer coating of the condenser. But imagine how 
puzzling the circumstances. Von Kleist reported that the 
shock given by a vial only 4 inches in diameter, containing 
liquid, was so strong that no man would care to repeat it, 
and added that Bose would never dare brave the kiss of a 
Venus so armed.”-% 

Thus it was found that electricity could be bottled. 
Holding the bottle in the hand seemed crucial. Since von 
Kleist had ‘“‘backed into” the discovery through devious 
conditions, the description given his acquaintances was 
abstruse and unorthodox. His reports" were incredulously 
received, and it was not until February 1746 that one corre- 
spondent reproduced the effect. This was Daniel Gralath, 
and he appears not to have written a confirming letter 
until April 10, 1746. 

Meanwhile Dutch experimenters at the University of 
Leyden, headed by the famous natural philosopher Peter 
van Musschenbroeck, made the discovery. In 
January 1746 from Leyden he described his startling experi- 
ence to Reaumer in Paris, in a letter which began: 


same 


“T wish to inform you of a new, but terrible experiment, 
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Fig. 2. Multirotor generators: point brush discharges, 1745 
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which I advise you on no account personally to attempt.” 
He describes the stroke received, saying: “....I believed 
I was done for.” 


The letter was made public by Abbe Nollet,!® and through 
it knowledge of the discovery became public in France 
and England, and hence the name Leyden jar. Winkler 

















Fig. 3. Discovery of the Leyden jar, 1745-46 


wrote a letter to the London Royal Society of his own test 
of the experiment, reporting convulsive shocks administered 
to himself and his wife, while averring it wrong to inflict 
such pain on a bird as the Berliners had done.'® His book 
dated September 6, 1746, was perhaps the earliest on the 
subject by one in touch with both discoverers and reported 
their respective work. There are indications that Winkler 
himself had been among those who had not understood and 
not responded to von Kleist’s early reports. Singularly 
enough, the title of Winkler’s book is about as unintelligible 
today as were von Kleist’s initial letters on the subject. 
The queer title, plus the extreme rarity of the book, probably 
accounts for its remaining almost unknown.* The title 
of the book concerns water because that was the liquid 
used to provide the inside conductor. Plate VIII of the 
book is reproduced herein as Fig. 3, the corresponding 
explanation being: 


*‘When a person holds with one hand a glass bottle in 
which a metallic wire cd is immersed, which is attached to 
a metallic tube fastened by silk cords to four columns g, h, 
i, and k of a stand r, s, t, and u; and with a finger n of the 
other hand approaches to a certain distance of wire cd 
while it is electrified by means of the glass globes, p and q; 
then there extends from the finger a painful spark which 
jolts the body of the person.”** °?: 1-2 (The glass globes 
_p and q generate in parallel to ground.) 


From the very beginning the human body has entered into 
the mechanism of electrification; but here the body is not 
part of that action, does not form part of the capacitance 


as such, but does complete the condenser circuit. The path 
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of discharge shown in Fig. 3 appears to be the first dis- 
closure of a discrete circuit. Musschenbroeck went further 
than did von Kleist by finding he need not hold the bottle. 
He put it down on a metal plate lying on a table and charged 
it as before. Then by touching the plate with one hand 
and bringing a finger of the other hand to the charging 
wire, the spark and jolt occurred. 

Seeking still more violent discharges, a wide range of 
variations must have been explored by the many attracted 
to the great indoor sport of the time. Soon Winkler was 
fattening the spark by connecting jars in parallel, which is 
illustrated in Plate IX of his 1746 book. The effect of the 
height of water in the jar was observed. Then the metal 
pan on which it stood was in effect extended up the side by 
coating the jar with lead foil. This was done by Dr. 
John Bevis. He also coated both sides of a thin pane of 
glass, thereby devising the plate condenser. He then sug- 
gested metal-coating the inside of the jar, whereby the 
water was replaced. By the end of the notable year 1746, 
the experimentation, as rounded out by William Watson 
and Benjamin Wilson, had revealed the power of the jar to 
be proportional to the area of the coating and to the thinness 
of the glass.'78 All this gave rise to the belief that glass 
possessed a property that made it essential to the storage 
action. This was to be rudely shattered in the following 
decade by the demonstration of the air condenser by 
Aepinus.!® The storage of a charge had started in the first 
place in the air capacitance-to-ground of insulated bodies, 
as seen earlier; yet the air-dielectric condenser had to be 
reinvented following the intervention of glass. Recogni- 
tion of the dielectric constant of glass and other material 
came much later. 

This, then, is the genesis of the electric condenser, an 
evolution of experimental discovery and invention. Nat- 
urally, the appearance of the dramatic new tool widened 
the following of the new art. “Then, and not until then, 
the study of electricity became general,...’ observed 
Cavello.2® That study carried on through the latter half 
of the 18th century and led to the next great wave of ad- 
vance, the radically new kind of electricity, of the chemical 
battery and electromagnetism—a low-impedance technique 
more amenable to practical applications. 


LEVEL OF ATTAINMENT 


NLY the flaring advance that marked this one decade of 

the 1740’s is considered here. The level to which it 

carried is higher than is generally realized. The volumi- 

nous literature to which it gave rise abounds with thoughts 

as to the nature of the mysterious fluid and what might be 

done with it. These ideas may be summarized, as of 1750, 
as follows: 


1. Electricity had come to be regarded as a universal 
imponderable fluid “‘present in all bodies” ....“‘tends to 
an equilibrium, and endeavors to occupy those spaces in 
bodies which have not their necessary quantity,...” ac- 
cording to Abbe Nollet.4_ The conception of a surplus and 
deficit of the medium had developed, and soon thereafter 
came the plus and minus version. Attempts at measuring 
the strength of discharges began; the law of decay of in- 
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fluence with distance; the time of propagation—all evi- 
dences of electricity becoming a science. 

2. The distinction between the heavy disruptive dis- 
charge obtained from smooth rounded electrodes and the 
more silent brush or corona discharge from pointed con- 
ductors was well recognized. Bose had called them re- 
spectively the male and female fire.' Something of the 
effect of points, even of highly heating a discharge electrode 
(thermionic emission), in dissipating a charge had been 
observed by du Fay, Winkler, and others. 

3. The similarity of the electric spark to lightning had 
grown in recognition through the first half of the 18th 
century, in keeping with the strengthening of sparks, 
and became a conviction as the powerful discharge of the 


Leyden jar was realized. Winkler in his 1746 book on the ° 


Leyden jar discusses convincingly the identity; treats of 
the formation of charged clouds from evaporation; con- 
cludes: “*...the electric sparks which are produced arti- 
ficially are of the same kind as lightning and thunder in re- 
gard to matter and nature of origin....”** Wrote Abbe 
Nollet in 1748: “If anyone should take upon himself to 
prove from a well-conducted comparison of phenomena, 
that thunder is in the hands of nature what electricity is in 
ours...; if it is to be demonstrated that a cloud.. .is 
opposite to a terrestrial object;...this idea...would give 
me a great deal of pleasure...””? There followed Ben- 
jamin Franklin’s famous proposal to detect cloud electrifica- 
tion by means of an elevated conductor, the carrying out of 
which occurred in France early in the next decade. 

4. Propagation: The distance of transmission had been 
increased over the years from a few feet in the mid 1600’s 
by von Guericke to some hundreds of feet in the 1720’s by 
Gray, to a thousand-odd feet in the 1730’s by du Fay; to 
the same order in the 1740’s by Winkler using better defined 
ground return. The propagation appeared to be in- 
stantaneous. In his 1744 book, Winkler asked the ques- 
tion: How far can Electricity be Propagated? and answered 
**. ..the inference could be drawn that electricity could be 
propagated to the ends of the earth, and would be notice- 
able.” 


When he came to his “Basic Outline,” 1750, Winkler was 
emboldened to say that: 


“«...by means of electricity, one can bring about an action 
at any specified time, over a distance as great as can be 
desired on earth, such as the firing of a gun, or the giving of 
a signal.” (p. 15) 


5. Electrical applications, other than transmission, 
suggested in Winkler’s “Outline” include its use to explain 
some remarkable phenomena of nature such as lightning 
and St. Elmo’s fire; in making new discoveries in medical 
science; and as mental enlightenment and entertainment, 
in respect to some eight effects mentioned, including 
optical experiments with electric rays and electric rays in 
vacuous space. 

From all of which the flare of the 1740’s is seen to have 
been a progressive feedback between physical advance and 
mental flair, a dynamic prologue to the future, as is, indeed, 
the present electron-wave age. 
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9. Inasupplement to a German translation of du Fay’s electrical works, dated Erfurth, 
1745, Hollmann is referred to as having “‘done no smal] service’’ in mounting hollow 
glass spheres. 

10. Hollmann’s tinsel for picking up the charge is mentioned in a letter of his: Phil- 
osophical Transactions, London, England, January 1744-45, no. 475, p. 239 


11. The History and Present State of Electricity, Joseph Priestley. London, England, 
1767, pp. 81, 84. His knowledge of the German developments seems to have been 
limited to what at the time had been put into English, for of the list of book references 
given at the end of his History, he reveals that most of the German works he knew not 
nor of the existence of some. No wonder there is no mention of von Kleist relative to 
the discovery of the Leyden jar. It is from Pries‘ley that much of the subsequent 
English-language history of electricity has been written. 


12. The Intellectual Rise in Electricity, Park Benjamin. London, England, 1895, 
p. 513. According to Benjamin, this is von Kleist’s own story, presumably from letters 
he wrote at the time, something of which appeared in reference 14 below. There is 
indication of von Kleist having found the enhanced discharge by the summer of 1745 
and communicated it, with insufficient understanding, to Winkler, for there is reference 
to such in the latter’s book of that year which bears date of August 20 (present reference 
85). This point is given by Benjamin, p. 515, footnote. 

13. Geschichte der Erde (History of the Earth), Johann Gottlob Kriiger. 
1746. 


14. The letters von Kleist sent are enumerated in Winkler’s 1746 book, reference 84, 
opening chapter. 


Halle, 


15. Musschenbroeck’s letter appeared in: Memoire de l’Academie des Sciences, 
Paris, France, 1746; and Philosophical Transactions, paper no. 476, p. 419. 


16. Letter dated Leipzig, Germany, April 22/May 3, 1746, in Philosophical Transactions, 
vol. 44, pt. 1, pp. 211-12. 


17. Experiments....in Electricity, William Watson. London, England, 1746. A 
Sequel to.... bid. (Bevis reference in latter, second edition, pp. 19-20). 


18. An Essay toward an Explication...of Electricity, Benjamin Wilson. London, 


England, 1746. 


19. Memoir Concerning Some Remarkable New Electrical Experiments, F. M. U. T., 
Aepinus. Published in the Memoirs of the Royal Academy of Sciences and Literature, 
Class of Experimental Philosophy for 1756, Berlin, Germany, 1758. The paper had 
been written in German, was published in French in keeping with the Berlin Academy 
of the time (that of Frederick the Great). This is the classic paper wherein is first 
identified the electric nature of what we now call piezoelectricity; the air condenser was 
a secondary feature. 

20. A Complete Treatise on Electricity.., Tiberius Cavello. London, England, 
1795, vol. 1, chap. 23, 

21. William Watson, 1747-48 in Philosophical Transactions, 1756 abridgement, p. 316. 
In book form: Experiments... .in Electricity, 3d edition, London, England, 1746, pp. 
76-7. Watson ascribes the idea to a letter Nollet wrote to Bose 2 years earlier. 

22. Legons de Physique, Abbe Nollet. Paris, France, vol. 4, 1748, p. 315. Dis- 
cussed by Park Benjamin, pp. 373-4. Mentioned by Mottelay: Bib. History of 
Electrical and Magnetism, London, England, 1922, pp. 181-2. 
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Anechoic Chamber for Noise Tests on Transformers 


A. W. BENOIT 


HE transformer noise problem has for various reasons 
become increasingly important and both users and 
manufacturers of power transformers have devoted con- 
siderable time and effort to its investigation. In 1954, the 
General Electric Company added a $1!/2-million sound 
laboratory to its facilities. This laboratory has been de- 
signed to achieve maximum accuracy in transformer noise 
measurements for both developmental and acceptance tests. 
There are two important requirements which must be 
fulfilled by the space in which noise measurements are made 
if accuracy is to be obtained. First, the ambient noise must 
be low enough to keep it from contributing appreciably to 
the readings, and second, the reflection of sound from walls 
or nearby objects must be controlled to prevent excessive 
errors. 

The test area of the laboratory has an ambient sound level 
of 19 db at 40-db weighting and is virtually free from 
reflections. These results have been achieved with massive 
multilayer walls, floor, and ceiling which are covered as 
completely as possible with sound-absorbing material. 

In order to approach anechoic (without echo) conditions, 
Fiberglas wedges with a sound absorption coefficient greater 
than 0.99 are used. A typical wall cross section consists of 
12-inch reinforced concrete, 2-inch Fiberglas, 8-inch con- 
crete block, 6-inch air space, and 28-inch Fiberglas wedge. 
The wedges may be seen in Fig. 1. 

The anechoic property of the room is measured by com- 
paring the curve of noise level versus distance from a point 
source with the inverse square law.'? Deviation from the 
inverse square law is less than 1 db at distances as large as 
16 feet in the frequency range 120 to 840 cycles per second. 

The room is lined with 0.030-inch copper sheet attached 
to the concrete block wall. This provides r-f shielding so 


Fig. 1. Interior of 
anechoic chamber 





398 











R. T. HEMMES 


MEMBER AIEE 


Benoit, Hemmes, Schulz, Jr.—Anechoic Chamber 


M. W. SCHULZ, JR. 


ASSOCIATE MEMBER AIEE 


that measurements may be made of the radio and television 
interference caused by transformers. 

The anechoic chamber, believed to be the largest in ex- 
istence, provides a working space 58 feet long, 48 feet wide, 
by 43 feet high. It will accommodate transformers rated 
500,000 kva or more which may weigh as much as 400 tons 
fully assembled. 

A notable feature of the building is the main door, made 
up of two leaves, covering an opening 30 feet wide by 37 
feet high. Each leaf of the door weighs about 30 tons and is 
supported by power-driven wheels operating on rails. The 
doors are sealed by a rubber gasket, which is inflated with 
compressed air and wedges itself between the door and the 
frame. 

Operating personnel and small test equipment are sup- 
ported on a trampoline-like floor consisting of stranded 
steel cables interwoven on 2-inch centers. The cables are 
held in tension by individual 450-pound springs. A ply- 
wood floor is sometimes installed on a separate rigid frame 
and simulates the condition of a transformer installed on a 
reflecting surface such as the ground. 

Given a test chamber of adequate quality, the burden of 
minimizing sound level measurement error falls upon the 
measuring equipment. While errors up to +2 db can be 
tolerated in many industrial applications, an over-all in- 
strumentation accuracy of +0.5 db is demanded here. 
The familiar single-crystal microphone has been superseded 
by two pairs of highly stable Western Electric 640AA con- 
denser microphones, working from opposite sides of the 
anechoic chamber. Weighting networks have been ad- 
justed to within +0.3 db of the American Standards 
Association design objective? True rms indicating in- 
struments have been provided with less than +0.2 db 
variation from uniform response from 80 to over 4,000 
cycles per second. 

The reduction of reflections and instrument errors per- 
mits more accurate evaluation of transformer noise. These 
facilities will, therefore, contribute considerably to the 
research and development programs already in progress in 
the fields of metallurgy, vibration analysis, and transformer 
design. 
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Improving Field Analogues by Transformations 


H. K. FARR 
MEMBER AIEE 


CONDUCTION analogue such as the electrolytic 

tank is a familiar device for the solution of problems 
involving electric, magnetic, thermal, and other fields. 
The accuracy of measurements made in this way is often 
limited by distortion of the field produced by the boundaries 
of the conducting medium and by practical limitations on 
the size of the model. In 1949 Boothroyd, Cherry, and 
Makar' described an ingenious circular double tank which 
was used for the study of impedance functions and which 
essentially eliminated the usual errors caused by the tank 
walls. Their technique is actually a special case of a gen- 
eral method based on conformal mapping. 

In connection with conduction analogues it is useful 
to extend conformal mapping to electrostatic fields in 
dielectrics where the permittivity may vary with posi- 
tion (composite dielectrics) and to analogues of such 
fields. In doing so one has only to observe the require- 
ment that the permittivity (or its analogue) remain in- 
variant under the transformation. It is, therefore, pos- 
sible to construct a model representing a conformal 
transformation of a field, even for nonuniform dielectrics, 
provided that the depth of electrolyte in the transformed 
model is the same at any point as it would be at the cor- 
responding point of a model which represented the field 
directly. 

Fields associated with figures of revolution can be 
regarded as a special case of translationally symmetric 
fields of varying permittivity and, hence, are also suscep- 
tible to a conformal transformation. 

A type of conformal mapping which is very useful for 


Fig. 1. Application of conformal mapping to the construction of a 
model for the electrostatic field between two conductors of square 
cross section. (Left) the original field spreads out to infinity in 
all directions; (right) inversion in a circle centered at 0 leads 
to field, where entire field is enclosed by the outer electrodes 
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Fig. 2. Auxiliary 
(lower) tank con- 
nected to primary 
sloping tank 


conduction analogues is an inversion in a circle. Fig. 1 
shows how such mapping transforms a field of infinite 
extent into a finite field which can easily be represented 
in an electrolytic tank without boundary errors. 

Even for fields of finite extent the proper transformation 
will lead to a model which represents the region of interest 
on a large scale and suppresses other regions. 

In some problems it may be desirable to retain the region 
of interest in its original form. It is possible to do this and 
still realize the advantages of the conformal transformation 
by the use of a double-layer model. The method de- 
veloped! is useful for problems of translational symmetry. 
Fig. 2 illustrates a double tank used for problems of rota- 
tional symmetry. The upper or “primary” tank is the 
ordinary tank with a flat sloping bottom used for the direct 
representation of fields having the symmetry of a figure 
of revolution. The entire region external to the primary 
tank (including points at infinite distance) is represented 
in the lower “auxiliary” tank by means of a suitable 
transformation. 

Checks made using the auxiliary tank or a single tank 
with conformal models have given good agreement with 
theory on those configurations tested which were suscepti- 
ble to calculation. The technique of conformal transforma- 
tion of models for the electrolytic tank has made it possible 
to obtain good accuracy on configurations whose study 
would have been virtually impossible with conventional 
analogues. 
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Grounding, Bonding, and Lightning Protection 


in Oil Refineries and Chemical Plants 


E.C. BENJAMIN 
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Discussions of grounding equipment, grounding 
for protection against lightning, static charges, 
and grounding systems and corrosion are 
presented, and various aspects of grounding 
practice in the oil industry are reviewed. 


RECENT SURVEY of engineers engaged in the 
A petroleum and chemical industries indicated a wide 
variation in recommended grounding practices. To 
clarify the situation, a brief review of the various aspects of 
the problem as they occur in the industry is given. Thus, 
attention will be directed toward those situations most com- 
monly encountered and to procedures designed for the pro- 
tection of personnel, equipment, and plant. 


EQUIPMENT GROUNDING 


N SPITE OF comprehensive provisions in the National 
Electrical Code (NEC) for equipment grounding, it is 
apparent that actual grounding installations are sometimes 
inadequate, or at best, haphazard. Records continue to 
report numerous accidents and an occasional death each 
year due to faulty equipment grounding. Most of these 
accidents could have been prevented by adequate ground- 
ing. This is certainly an important factor in providing 
safe working conditions for personnel. Inadequately 
grounded equipment in process units such as oil refineries 
and chemical plants may offer a very serious hazard due to 
the nature of the plant, equipment, and structures involved. 
Large sums are spent each year in refineries and chemical 
plants to provide electric systems which will be safe to 
operate in the presence of flammable or explosive vapors 
and liquids. Equipment subject to arcing is either carefully 
enclosed in a flameproof and explosion-resistant housing, 
immersed under oil, placed in a pressurized switch room, or 
located entirely apart from the immediate area of potential 
hazard. There is no question of the wisdom of these ex- 
treme precautions in dealing with the potentials of ex- 
plosion and fire with attendant personnel injuries, damage 
to property, and resulting loss of revenue. The fact must 
also be appreciated that inadequately grounded and un- 
grounded electric equipment may, under certain circum- 
stances, create the very conditions which the design of 
the electric distribution system within the hazardous area 
attempted to avoid. 
What is meant by equipment 


grounding? Article 





Revised text of a conference paper presented at the AIEE Petroleum Industry Electrical 
Conference, Tulsa, Okla., September 27-29, 1954, and recommended for publication by 
the AIEE Petroleum Industry Committee. 


E. C, Benjamin and J. V. Cundelan are with The M. W. Kellogg Company, New York, 
N. Y. 


400 


Benjamin, Cundelan—Grounding, Bonding, and Lightning Protection 


J. V. CUNDELAN 


ASSOCIATE MEMBER AIEE 


250 of the NEC, in essence, requires that exposed 
conductive materials enclosing electric conductors and 
electric equipment or forming a part of such equipment 
shall be grounded for the purpose of preventing a differ- 
ence of potential between the equipment and ground. 
Briefly then, an adequate method must be provided by 
means of which all noncurrent-carrying parts of the electric 
system may be maintained at the same potential. Also, 
that potential differences between various elements of the 
system and earth be eliminated or at least limited to safe 
values. A plant grounding system should do this. 

The necessity of grounding electric equipment is readily 
apparent when the results of accidental contact between 
elements of the electric circuit and a metallic enclosure are 
considered. Upon such contact, the enclosure—be it 
motor frame, steel conduit, or controller housing—at once 
assumes the potential with respect to ground of that 
element of the electric circuit with which it has come in 
contact. If the enclosure has not been intentionally 
grounded, it may be considered to be connected to ground 
through a high resistance. This condition may result in a 
potential difference with respect to ground that will be 
dangerous to personnel. If there be a flow of current 
through a leakage path, there is also a potential danger 
of fire because of the heating of flammable material in the 
path. The mere presence of potential on the equipment 
may result in arcing which would constitute a serious 
hazard in plants handling flammable products. 

On the other hand, had the enclosure been adequately 
grounded, a sufficient current would have flowed to insure 
operation of one or more of the devices protecting the 
circuit in which the failure occurred. In addition, a rise 
in potential difference between the enclosure and ground 
would either have been prevented or at least maintained 
within relatively safe limits. 

The elements of an equipment grounding system may be 
reduced to two essentials, the connections to earth or 
grounding electrodes and the connections to equipment 
frames, conduits, or enclosures. These two essentials are 
connected together by either a cable ground loop or a 
grid system. The components are described below. 


Grounding Electrodes. In practice, grounding electrodes in 
refineries and chemical plants usually consist of water lines, 
driven ground rods, or a combination of both. 

A typical ground rod electrode installation is shown in 
Fig. 1. It should be noted that the construction is so de- 
signed that easy access is possible and that the conductor 
may be removed from the ground rod to facilitate testing. 


_The NEC and the National Electrical Safety Code (NESC) 
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permit values of resistance to ground of 25 ohms for this 
type of connection. 

A typical grounding connection to water pipe which is a 
preferred type of ground is given in Fig. 2. Because of the 
low resistance to earth of such pipes no provisions are made 
for access and testing of the efficiency of the grounding. 
The NESC limits values of resistance to ground of this 
type of connection to 3 ohms. 


Connections to Fixed Equipment. Connections between 
fixed equipment to be grounded and the grounding elec- 
trodes are usually made with stranded copper conductors. 
Sizes may vary as specified by the NEC, ranging from no. 
8 to 3/0 American wire gauge depending upon the size of 
the service conductor. Exact grounding conductor size 
may also be determined by the maximum available fault 
current and the circuit protective device interrupting time. 

The actual grounding connections between equipment 
and grounding electrode usually take the form of a loop to 
which the individual equipment may be joined by short 
cable connections. The loop is then connected at one or 
more points to grounding electrodes. This main grounding 
loop or bus which will serve motors driving process equip- 
ment, lighting panels, motor control, and other electric 
equipment should be buried at least 18 inches below 
finished grade. All below grade connections to the ground 
bus should be made by copper brazing, fusion welding, or 
equivalent process capable of sustaining reasonable tem- 
perature. Bolted connections should be avoided because 
of the danger of high-resistance joints due to corrosion. 

Connections to individual pieces of electric equipment 
take a variety of forms. Grounding of motors is best 
accomplished by drilling and tapping the motor frame after 
which the grounding conductor, equipped with a copper 
terminal, may be bolted directly to the frame. Satis- 
factory protection from physical damage may be afforded 
the grounding conductor, if a suitably formed length of 1 /2- 
inch conduit has been cast in the pump foundation block. 
Fig. 3 illustrates this clearly. 

Similar grounding connections should be provided at 
lighting panels, motor starters, switchboard frames, switch- 
gear ground busses, steel instrument control boards, and all 
other metallic enclosures and supports of electric apparatus. 
Some equipment is supplied with grounding lugs by the 
manufacturer, others must be tapped—as are the motors— 
to receive a grounding connection. 

A point sometimes overlooked by the designer is the case 
of conduits terminating just above grade in motor control 
centers and cubicle-type switchgear. Since such conduits 
are not connected electrically to the equipment, they should 
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Ground rod electrode. Fig. 2 (center). Water pipe grounding connection. 
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be strapped to the enclosure or to the equipment ground 
bus if one has been provided. Grounding bushings are 
useful for this purpose. 


Portable Electric Equipment and Welding Machines. It is 
usual practice in petroleum and chemical plant installa- 
tions to include a system of convenience outlets providing 
local sources of power for portable equipment. The use 
of lower voltages for small hand tools and hand lamps 
definitely diminishes the danger to operating and main- 
tenance personnel. It does not eliminate possible un- 
desirable arcing in hazardous areas when equipment fails. 

Portable equipment including welding machines should 
be grounded by means of a separate grounding wire in the 
connecting cable, of current-carrying capacity equal to 
that of the line conductors. The plug and receptacle 
should be equipped with special grounding contacts. In 
existing plants equipped with two wire receptacles, the 
third or grounding conductor in the connecting cable may 
be furnished with a spring clip which may be attached to 
grounded structural members or grounded steel conduit. 
The use of small lugs designed to be slipped beneath a 
screw head is undesirable since personnel habitually neglect 
to make this type of connection. 


Substations. A satisfactory grounding system for sub- 
stations may be achieved by installing a ground cable or 
ground bus underground, surrounding the substation area 
and connected at intervals to ground rods. A connection 
to metallic underground water piping is desirable. In 
larger substations, a grid may be formed by installing several 
underground cables across the substation area to connect 
opposite sides of the ground bus. 

All electric equipment installed in the substation should 
be connected to the ground bus. Substation fences should 
be similarly connected to the bus at frequent intervals 
and structural steel substation structures should also be 
grounded in at least two locations. 

The objective of substation grounding as described above 
is to insure that all parts of structures and equipment en- 
closures be at ground potential. In the event of a break- 
down in insulation, flashover, or accidental contact with 
high voltage, the potential difference between the equip- 
ment and any point on the ground should not be great 
enough to constitute a hazard to personnel. 


GROUNDING FOR PROTECTION AGAINST LIGHTNING 


T THE SIMPLEST TERMS, lightning may be defined as an 


electric discharge between earth and clouds. Obvi- 
ously lightning, while an unwelcome visitor anywhere, could 
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Fig. 3 (right). Motor grounding connection 
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be calamitous in a plant handling explosive materials. 
Lightning can be responsible for damage of two types: 
one, the destruction resulting from a direct stroke, and the 
other, the impairment of equipment due to surges in the 
electric system, caused either by direct strokes to power 
lines at some distance from the plant, or by electrostatically 
induced voltages. 

Complete positive protection from lightning hazards 
is not possible from a practical standpoint. The problem 
then lies in taking economical practical steps. 


Pole Lines. Many plants are connected to overhead 
power lines operating either at utilization voltages or at 
higher potentials; such a distribution system invites light- 
ning strikes. A high degree of protection for such lines can 
be achieved by the installation of lightning arresters on the 
line side of substations fed from overhead lines and at the 
terminus of an overhead line. Further protection for more 
extensive overhead systems may be obtained by the use of 
the overhead ground wire system. This method of shield- 
ing live conductors on pole lines has been very successfully 
employed through the years; its effectiveness, however, 
depends upon several factors. Ground resistance must be 
low. The installation must be so designed that the live 
conductors are not only widely spaced from the ground 
conductor but, for maximum protection, they must be 
within a shielded area below the ground wire. Experi- 
ence and tests with lines indicate that the shielded area is 
that space included in an isosceles triangle having the 
grounded conductor aseits apex and its base angles of 
approximately 60 degrees. As this angle decreases, the 
probability of flash to the conductor increases. Fig. 4 
illustrates pole line shielding. 

Under some conditions, it is desirable to provide individ- 
ual motors, particularly those of larger size, with additional 
protection from lightning impulses. It is preferable to in- 
stall the protective devices as near the machine to be pro- 
tected as possible. ‘This objective cannot be fully realized in 
hazardous areas since surge protective equipment is not 
readily available in explosion-proof construction. It is 
usually feasible te find some point either in or near the 
process area, however, where such protective equipment 
may be safely installed. With the increased use of pres- 
surized switch rooms, the authors have found it possible 
to furnish a reasonable degree of protection by installing 
surge protective equipment on motor starter busses and, 
when required, directly on feeders to selected large motors. 


Structures and Buildings. In general, it may be said that 
the fundamental theory of lightning protection for buildings 
is to provide means by which a discharge may enter or 
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leave the earth without passing through a nonconducting 
part of the structure. 

Since most of the structures in refinery and chemical 
plant units are of steel, a high degree of protection is possi- 
ble by the simple expedient of grounding the steel frame- 
work in several places. It is probable that some of the 
higher steel structures, thus grounded, do receive occasional 
lightning strokes with no appreciable damage. They may 
be considered as self-protected against lightning strokes. 

High structures such as those discussed above, create a 
zone of protection about their bases. The zone of protec- 
tion is conventionally taken as the space enclosed by a 
cone, which has its apex at the highest point of the struc- 
tures and a radius at the base taken as equal to the height 
of the structure in critical cases or up to twice the height 
in those of lesser importance. Fig. 5 illustrates a zone of 
protection. Consideration should also be given to the 
necessity for a lightning protection system for wooden 
and similar nonconducting structures. 


Vessels and Tanks. Properly grounded steel vessels and 
tanks are essentially self-protecting or may be considered pro- 
tected if located in a zone of protection as defined above. 
Certain definite precautions should be observed, however, in 
the protection of the vessel and its contents. The following 
procedures are of value in this respect: 


1. Flammable liquids and gases should be stored in all- 
metal structures, essentially gastight. 

2. Vapor or gas openings to the atmosphere should be 
protected against the entrance of flame. 

3. Positive metallic contact of piping to vessels to elim- 
inate spark gaps at points where there may be an escape 
or an accumulation of flammable vapors must be assured. 

4. In extreme cases, it may be necessary to establish 
zones of protection through the use of grounded masts and 
overhead grounded networks of wires or other similar pro- 
visions making up a protective cage. 


In addition, it is recommended that all parts of steel tanks 
be in metallic contact as provided by riveted and caulked or 
welded construction and that all fixtures be in intimate 
electrical contact or bonded. It should be noted that steel 
tanks with wooden or other nonmetallic roofs have a rela- 
tively poor record of safety. 


Chimneys and Flare Stacks. Metal chimneys and flare 
stacks need no protection against lightning other than that 
afforded by their construction, provided they are properly 
grounded. Metal flare stacks are usually remotely located 
from process areas and rarely fall within a zone of protection 
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from other structures. In such stacks, it is also desirable 
that metal guy wires and cables be grounded at their lower 
ends. Guy wires attached to steel anchor rods set in the 
earth may be considered as sufficiently well grounded. 
Guy wires set in concrete or attached to buildings or non- 
conducting supports should be provided with additional 
grounding facilities. Vent stacks situated at the top of 
process structures can usually be considered as adequately 
grounded through the vessel or supporting structural steel. 


Special precautions must be taken with chimneys and 


stacks of nonconducting materials such as brick, tile, 
concrete, or similar material liable to damage by lightning. 
It is customary practice to install air terminals (lightning 
rods) uniformly about the top rim of the stack at intervals 
not greater than 8 feet. The air terminals should be con- 
nected together by means of a metal ring or band forming a 
loop about 2 feet below the top of the chimney. The air 
terminals must then be connected to ground by at least 
two down conductors installed on opposite sides of the 
stack. Where stacks have a metal lining, the lining should 
be connected to the air terminals at its upper end and 
grounded at the bottom. Reinforced concrete stacks 
should be treated as above, but in addition, the reinforcing 
metal should be electrically connected together and bonded 
to the down conductors on the outside of the stack at the top 
and bottom of the concrete. A typical arrangement of air 
terminals on a stack is shown in Fig. 6. 


STATIC CHARGES 


gine ane PLANTS such as refineries and chemical plants 
may have a potentially hazardous condition because of 


the accumulation of static charges due to a number of causes, 
among them, the movement of gases and liquids, the spray- 
ing of caustic solutions in tanks, acid bubbling, and even 
certain phases of the processes themselves. Liquids in a 
tank, if agitated, may accumulate static charges. It has 
been noted that liquids discharging from a pipe above the 
surface of the liquid in a storage tank will produce static 
charges in the liquid. 

Fortunately, most of the problems presented can now be 
dealt with. Static caused by the flow of gases or liquids in 
piping systems is probably carried off harmlessly by the 
piping itself. This is particularly true in refinery work be- 
cause of the continuous electric path provided by present- 
day pipe welding procedures. Potentials on piping may 
also be dissipated through pipe hangers and other supports 
electrically bonded to grounded structures. On occasion, 
however, it may be necessary to provide grounding for 
certain piping. This can usually be best determined after 
plant operation has begun. 

Each time that an oil tank is filled, a degree of turbulence 
exists which probably results in the formation of static 
charges in the oil and on its surface. Since petroleum is a 
dielectric, it has the capacity for holding electric charges. 
Grounding of the shell of the tank and of the piping attached 
thereto, while important, is not the entire solution since the 
electric charges are not readily given up by the petroleum 
product involved. When the potential gradient becomes 
steep enough an arc over along the surface of the oil to the 
tank shell may occur. The oil industry has evolved at least 
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two practical solutions to the problem. One lies in the 
reduction of turbulence and the other in the provision of 
steam smothering systems. As an added precaution, 
petroleum products should be introduced into storage tanks 
near the bottom and preferably discharged against the 
grounded shell where some portion of the static may pass 
from the fluid to ground. 


GROUNDING SYSTEMS AND CORROSION 


— authors believe that one aspect of their present 
grounding methods deserves further consideration. 
Review these practices for a moment. 
of the network of underground conduits and metallic 
piping which exists in most process areas. Current ground- 
ing practices usually call for the installation of bare 
stranded-copper conductors for direct earth burial and 
copper-clad ground rods. 

Most soils contain a certain amount of moisture and salts, 
and are therefore fairly good electric conductors. The 
electrolytic nature of the soil gives rise to a bimetallic 
(galvanic) corrosion cell in which the buried steel pipe or 
conduit is the anode, while the bare copper cable or 
copper-clad ground rods act as the cathode. Since the 
ground rods and the buried piping are connected by the 
copper grounding cable, the circuit is completed and 
current flows through the soil from the steel to the copper. 
Wherever current leaves the steel, an electrochemical 
equivalent amount of metal is dissolved, and a corrosion pit 
results. Galvanic corrosion occurs only at the anode 
(bare or galvanized steel) and never at the cathode (copper). 
This preferential or sacrificial corrosion of the less noble 
metal is the fundamental principle of cathodic protection. 
In this case, however, the cathodic protection is definitely 
undesirable, since the expendable copper is afforded 
protection at the expense of the costly steel piping. 

The corrosive action of such a galvanic cell may be re- 
duced or retarded by either one of two relatively simple 
expedients. The first method consists of providing the 
grounding cables with an insulating jacket, generally of 
neoprene or other suitable plastic material. The high 
resistance of this insulation greatly reduces the flow of 
galvanic current. The alternate method of preventing 
corrosion of the pipe and conduits consists of substituting 
zinc rods or electrodes for the copper-clad steel rods. 
Since zinc is definitely anodic to steel, the polarity of the 
galvanic cell is reversed; that is, the sacrificial corrosion of 
the zinc ground rods (which can be periodically replaced) 
affords cathodic protection to the buried steel piping or 
structures. The latter procedure is meeting with favor 
among corrosion engineers. 


Everyone is aware 
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Magnetic-Amplifier Control of D-C Motors 


A. KUSKO 


MEMBER AIEE 


HIS digest presents the results of an analytical and 

experimental study of the steady-state operation of a 
d-c motor with armature power supplied through metallic 
rectifiers and controlled by saturable reactors or magnetic 
amplifiers. 

The speed-torque characteristics of the d-c motor were 
determined as a function of control current for the vari- 
ous control methods. Also, the effectiveness of simple 
feedback connections and the use of external armature- 
circuit inductance was ascertained in improving the speed 
regulation. 

Analysis shows that control of armature power by means 
of a saturable reactor produces a motor speed-torque 
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Fig. 1. Measured speed-torque characteristics. of the d-c motor 
operating with magnetic-amplifier control 


characteristic of torque dependent only on the control 
current of the saturable reactor and independent of speed, 
that is, a constant-torque characteristic. Where armature 
power is supplied from rectifiers, the motor speed-torque 
characteristics are seen to depend on the continuity of the 
armature current, which is a function of the inductance-to- 
resistance ratio of the armature circuit. When this ratio is 
increased by adding an external inductor and continuity of 
the armature current is insured for magnetic-amplifier 
control, the magnetic amplifier appears to the armature as 
an energy source with fixed internal resistance and an 
internal voltage that is dependent only on the control 
current. 

For this source the predicted speed-torque curves of the 
motor are straight lines. Also, the no-load speed depends 
only on the control current and the drop in speed from the 
no-load value for increasing torque depends on the circuit 
resistance. 

The experimental work was carried out with a 1/8-hp 
d-c motor supplied from a metallic rectifier and controlled 
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either by a saturable reactor or by a magnetic amplifier. 
The field current was held fixed. Only continuous conduc- 
tion of the armature current was considered for magnetic- 
amplifier control. 

The measured speed-torque characteristic curves of the 
motor are in accord with the predicted behavior. The 
family of curves for magnetic-amplifier control are shown 
in Fig. 1. 

Two modes of feedback to a control winding on the 
magnetic amplifier were studied for improving the speed 
regulation of the motor. In the first method, an additional 
control signal proportional to armature current is applied 
to the magnetic amplifier. This compensation makes it 
possible to obtain zero speed regulation at the lowest speed 
of the family of speed-torque curves and correspondingly 
less correction for speed drop at the higher speeds in the 
range. In the second method, an additional signal pro- 
portional to the error between the armature voltage and a 
reference voltage is fed back to the magnetic amplifier in 
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Fig. 2. Characteristics of the d-c motor operating with the mag- 
netic-amplifier control, in which compensation is proportional 
to armature-current and armature-voltage feedback 


addition to the armature-current signal. The resulting 
curves are shown in Fig. 2. 

Speed control of a d-c motor can be obtained by using a 
saturable magnetic device to control the power delivered by 
metallic rectifiers to the armature circuit. In addition, 
simple feedback circuits to the magnetic device can provide 
considerable flexibility in the speed-torque characteristics 


of the motor. 
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Steam Turbine-Generator Operation and Maintenance 


Cc. L.SIDWAY 


MEMBER AIEE 


HE Southern California Edison Company, with 

approximately 2,187 megawatts (mw) of effective 
operating capacity, 52 per cent of which is steam driven, is a 
participant in the 8,800-mw Pacific Southwest power area. 
In this operating area, the load changes on the systems and 
interchange of power across the interconnecting ties will 
on occasion impose rate-of-generation changes of 25 to 30 
mw. per minute, for periods of relatively short duration. 
The control of the tie line load and combined system fre- 
quency is maintained by automatic load- and frequency- 
control equipment, with one system regulating frequency, 
and the remaining systems controlling their ties with the 
regulaung system. 

The sequence of loading and unloading the steam gen- 
erating plants conforms to rigid economy factors. Thus, 
the load increases are normally made at the plant which can 
make them at the lowest incremental cost rate, and the load 
reductions at the plant operating at the highest incremental 
cost rate. Wherever practical, block loading increments 
are assigned on the basis of operating the units at the 
wide-open valve positions. The application of this philoso- 
phy also is made at the full-load point of the generator, 
except where limited by boiler capacity. 

The steam station generators are operated close to unity 
power factor, generally in the range of 0.98 to 0.99 lag, 
with no effort currently being made to operate in the under- 
excited region. 

An analysis of basic design features of Edison steam tur- 
bine-generating plants constructed since 1945, indicates 
that the generators are 3,600 rpm, hydrogen cooled, and 
operate at 13.8 kv to 18 kv with ungrounded neutrals. 
With a few exceptions, field excitation is provided at 250 
volts or 375 volts d-c by motor-generator sets, operating 
with rotating amplifier-type voltage regulators. Power 
for auxiliaries is supplied at 4,160 volts from auxiliary gen- 
erators, located on the shafts of the main units, with reserve 
backup from the system through stepdown transformers. 
Relay protection for the main generators consists principally 
of overlapping generator differential and unit differential 
protection, with a few installations of negative sequence 
relays in process. Operation of the hydrogen cooling 
systems is based on maintaining acceptable cold gas tem- 
peratures, generally below 40 C. 

In the event of loss-of-field of a main generator, most of 
the net load on the unit is removed as rapidly as possible, 
using the “‘fast”’ position of the load limit, followed by im- 
mediate opening of the circuit breakers connecting the unit 
to the system. It is generally considered preferable on the 
Edison system, that out-of-step generators be removed 
from the system as rapidly as practicable. Where single 
generators are out-of-step with other generators in the 
same plant, the unstable unit is immediately removed from 
the line and resynchronized as soon as possible. When 
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MEMBER AIEE 


multiple generators in the same plant are not obviously 
out-of-step with each other, but have rejected load and are 
apparently out-of-step with the system, usually they are 
kept on the line for at least 1 minute, unless there is some 
compelling reason to do otherwise. 

The treatment of generator differential relay operation 
is qualified by available spinning reserve, and by known or 
suspected facts attending the relay operation. 

In the start-up of steam turbine generators from a cold 
start, very little difference in procedure exists; the essential 
difference is in the point of application of field to the 
generator, this being related to the manufacturer’s recom- 
mendations. In the 3,600-rpm units of one type, field is 
applied at 3,000 rpm. The practice of field preheating is 
not presently employed. In unloading the units, under 
normal conditions, load is removed at the rate of 1 mw per 
minute, without field. Only in an emergency is it’ per- 
missible to increase the field current to shorten the decelera- 
tion period. 

It is the objective of the maintenance program to confine 
equipment failures to determinable periods consistent with 
operating schedules, to the fullest extent possible. To 
realize this objective requires added emphasis on the 
preventive aspect of maintenance and the use of searching 
test procedures. 

The periodic inspections and tests are divided into the 
two categories of routine outages and overhauls. _ Routine 
outages on main units are conducted at all plants on a 
maximum interval of 90 days. These outages are usually 
confined to an 8-hour period, intended to provide an oppor- 
tunity to check all functional equipment intimately related 
to operation of the units, and is in effect a verification test 
of turbine-generator safety devices. Trip tests are per- 
formed on circuit breakers; governor operation is checked ; 
brushes, slip rings, and commutators are closely inspected ; 
insulators are washed or wiped; and safety devices are care- 
fully tested. 

Overhauls on main units are conducted on a basic 3-year 
interval. On alternate overhauls, the generator rotor is 
removed to permit more extensive inspection. Among the 
items investigated are the generator iron, windings, wedges, 
blocks, lashings, main bearings, seals, and the bearing 
oil system. 
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This paper, written at the request of the Synchronous Machinery Subcommittee of the 
AIEE Rotating Machinery Committee, provides selected information related to the 
operation and maintenance of steam turbine-generators as practiced on the Southern 
California Edison Company system. The methods outlined are the result of years of 
progressive development, and necessarily reflect the predominant characteristics of the 
system which they serve. 
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Recommendations of IEC Technical 
Committee 24: 


ELECTRIC AND MAGNETIC MAGNITUDES AND UNITS 


J. J. SMITH 
MEMBER AIEE 


EETINGS of Techni- 
cal Committee (TC) 
24 on Electric and 
Magnetic Magnitudes and 
Units (EMMU) were held at 
Philadelphia, Pa., on Septem- 
ber 10 and 11, 1954, during 
the Golden Jubilee of the In- 
ternational Electrotechnical 
Commission (IEC). It should 
be understood that the recommendations made by this 
committee, and given in the following, have been referred 
to the national committees of the various countries for an 
official vote under the 6 months’ rule. Thus they are not 
as yet official decisions. However, since each recommen- 
dation was approved by a large majority of the delegates 
present from the various countries, it seems reasonable to ex- 
pect that they will be approved by the national committees. 
It is hoped that the reader will bear in mind that each 
action in the following account is the best that can be agreed 
upon at present and should be considered as the most 
practical clarifying step that can be taken now. Further 
progress dependson: 1.amore nearly perfect understand- 
ing of the phenomenon involved, and 2. a better agreement 
on the meaning of the technical words or language used in 
the exchange of different viewpoints. Both of these will 
come with time. The recommendations are listed in the 
following. 


SIGN OF REACTIVE POWER 


oy 1935, the IEC adopted the convention that the re- 
active power flow to an inductive receiver be negative. 
In 1946, an AIEE committee undertook a survey of the 
prevailing practice in the United States. They found that 
it varied, but that most power companies assumed the 
sign of reactive power to an inductive receiver to be positive. 
In accordance with this, the AIEE changed the standard to 
accord with this practice. This was brought to the atten- 
tion of the IEC at the Paris meeting in 1950 and it was sug- 
gested that other countries review their usage. Since then, 
many of the countries have found that they are also using 
the sign of reactive power to an inductive receiver as positive. 





Full text of paper 55-49, “Recommendations of IEC Technical Committee No. 24 on 
Electric and Magnetic Magnitudes and Units,” recommended by the AIEE Basic 
Sciences Committee and approved by the AIEE Committee on Technical Operations for 
presentation at the AIEE Winter General Meeting, New York, N. Y., January 31- 


February 4, 1955. Scheduled for publication in AIEE Communication and Electronics, 
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The recommendations 
Committee 24 of the International Electro- 
technical Commission are 
though they have not as yet become official 
decisions, it is probable that they will be ap- 
proved by the national committees as each 
decision was supported by a large majority of 

the delegates to the committee meetings. 1. 
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made by Technical It is hoped that the question 
will be clarified by the follow- 
ing resolution, which was 
adopted, and with which the 
latest American Standard is in 


accord. Resolved that: 


presented. Al- 


Reactive power flow 
to an inductive receiver be 
positive. 

2. Only one kind of reactive power be considered and 
defined. This means that no qualifying adjective should be 
used with the term “reactive power.” 

3. Reactive power be completely specified by stating its 
amount and direction of flow. 


NAME FOR MKS OR GIORGI SYSTEM 


T was recommended that the system which uses the 
fundamental units meter, kilogram, and second (mks) be 
officially known in the IEC as the Giorgi system. 

It was recognized that the system which uses the funda- 
mental units meter, kilogram, second, and ampere is re- 
ferred to by many as the mksa system. This term is similar 
to the term centimeter-gram-second (cgs) system. 


ASSIGNMENT OF NAMES “MAGNETIC POLARIZATION,” 
“INTRINSIC INDUCTION,” AND “MAGNETIZATION” 


HE magnetic induction B at a given point in a magnetic 

field is represented by a vector the magnitude of whichis 
equal to the maximum limit of the time integral of the elec- 
tromotive force generated in small plane-conducting loop 
brought in from a region of zero magnetic field divided by 
the area, as the area approaches zero in a macroscopic sense. 
The maximum limit occurs for a particular orientation of 
the loop at the given point. The direction of the vector is 
normal to this loop.! 

The magnetic field strength H at a given point is repre- 
sented by the current per turn multiplied by the number of 
turns in a small elongated uniformly wound solenoid 
divided by its length when the solenoid is centered at the 
given point and is oriented and adjusted so as to counter- 
balance magnetic effects at that point.? 

In vacuum the ratio B/H = yo is called the permeability 
of free space. In any other medium the ratio B/H = u is 
called the permeability of the medium. 

It was recommended that in a medium other than 
vacuum the term B— oH be called “magnetic polarization” 
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or “intrinsic induction,” and that (B/uo)—H be called 
*“‘magnetization.” These terms are used by many authors 
and a name is needed for them. There was considerable 
discussion as to which of these two terms should be given 
preference in the recommendations. The views of the 
national committees will be obtained on this. Note: In 
the United States the symbol y, is used instead of yo. 


NAME FOR UNIT OF MAGNETIC INDUCTION IN 
GIORGI SYSTEM 
l was recommended that the name “tesla” be given to 
the unit of magnetic induction (the weber per square 
meter) in the Giorgi system. 

Similarly, in the centimeter-gram-second electromagnetic 
(cgsm) system, there is the gauss, the unit of magnetic in- 
duction, which is equal to the maxwell per square centi- 
meter. 


RATIONALIZATION OF THE ELECTROMAGNETIC 
FIELD EQUATIONS 
tT the IEC 1950 Paris meeting TC 24 recommended 
that the mks system be used in the rationalized form. 
At that time, questions were raised as to whether rational- 
ization by change of units or quantities was meant. Since 
then much discussion has been devoted to the subject. 
The following was recommended at the 1954 meeting: 


“The rationalization of the equations of the Electro- 
magnetic Field recommended by the IEC is characterized 
by the following principal equations whose form remains the 
same whether the symbols are regarded as the representing 
physical quantities coming into play or are regarded as 
representing their numerical values. 


f Has = XI 
¢=S Jf BdA 
B=yH 


S S DdA=Q 
v=S Sf DdA 


D=eE 


“These equations apply to isotropic media. The total 
current (J) includes in the general case the displacement 
current. 

“The permeability of free space uo has the numerical 
value 4rX10~’, where the unit is the henry per meter. 
The permittivity of free space eo has the value of (1/c?uo) or 
approximately the numerical value 8.85X10~—", where the 
unit is the farad per meter. 


“Table of Reference for the Quantities in the Above Equations 





Unit of the 
Giorgi System 


IEC Classification 


Name Number 


Symbol 





Element of Length 
Electric Charge 
Electric Field Strength 
Permittivity 
Electric Displacement 
Density 
Displacement Flux 
Electric Current 
Magnetic Field Strength 
Magnetic Induction 
Magnetic Flux 
Permeability 


Meter 

Coulomb 

Volt per meter 

Farad per meter 
Coulomb per sq meter 


05-35-050 
05-15-010 
05-15-045 
05-15-120 
05-15-130 


Coulomb 

Ampere 

Ampere-turn per meter 
Weber per sq meter 
Weber 

Henry per meter 


05-15-135 
05-20-040 
05-25-022 
05-25-030 
05-25-035 
05-25-045 ” 


Femrns OF MOE 
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RELATION OF AMPERE-TURN PER METER TO 
OERSTED 


T was found that in the usage of various writers the 
relation between the ampere-turn per meter and the 
oersted was apparently not always the same. To secure 
uniformity, the following resolution was adopted: 


“A current of 10 amperes in a wire of one centimeter 
length of arc, of a circle of one-centimeter radius, contrib- 
utes at the center of the circle a magnetic field strength of 
one oersted. 

“A uniform elongated solenoid having one turn per meter 
axial length in which there is a current of one ampere 
produces at the center of the solenoid a magnetic field 
strength of one ampere-turn per meter. 

“The contribution to the magnetic field strength in 
the first case is equal to 1,000/4m times the magnetic field 
strength in the second case.” 


Here the first paragraph of the resolution uses the 
arrangement by which the abampere was defined by means 
of the oersted in the British Association Reports on Electrical 
Standards.* The second paragraph uses the arrangement 
by which the ampere-turn per meter is defined in the IEC 
vocabulary.” The third paragraph gives the relation be- 
tween the two magnetic field strengths. 

It will be noted that actual numerical examples are used 
in the resolution. This was done to avoid the use of sym- 
bols, since these are also used in different senses by different 
authors. It is hoped that the resolution will produce uni- 
formity in the relation between the ampere-turn per meter 
and the oersted as used in future. 


REVISION OF DEFINITIONS IN SECOND EDITION 
OF INTERNATIONAL ELECTROTECHNICAL 
VOCABULARY WITHIN SCOPE OF TC 24 


Be of certain points which were discussed in the 
previous resolutions in connection with definitions pre- 
pared by TC 1, TC 24 agreed that it should consider care- 
fully the definitions which were closely allied with its 


activities. Some definitions to which attention had already 
been called were those of reactive power, complex power, 
permeability, and permittivity. 


COMPARISON OF SYSTEMS WITH THREE AND 
FOUR DIMENSIONS 


AN the 1950 Paris meeting the IEC adopted the ampere 
as the fourth preferred fundamental unit in the Giorgi 
system. The International Union of Pure and Applied 
Physics (IUPAP) adopted the ampere as the fourth funda- 
mental unit in the Giorgi system in 1951. 

Thus the mksa system is based on four fundamental 
units (meter, kilogram, second, and ampere). The two 
cgs systems (electrostatic and electromagnetic) are based 
on three fundamental units (centimeter, gram, and second). 
In the cgs electromagnetic system, the permeability of 
free space is assumed to have no dimensions and its numer- 
ical value is considered equal to 1. In the cgs electrostatic 
system, the permittivity of free space is assumed to have no 
dimensions and its numerical value is taken to be equal to 1. 
It was agreed that the relations among these three systems, 
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each of which is based on a different assumption, should be 
studied and clarified. A memorandum by Dr. H. Konig 
and Dr. U. Stille has been prepared on this subject and will 
be circulated to the national committees for study. 


PREPARATION OF DOCUMENT CONTAINING ALL 
DECISIONS OF TC 24 SINCE FOUNDING OF IEC 


T was agreed that such a document should be prepared 
by the secretariat so that all the decisions of TC 24 from 

its beginning to date would be readily available. 
It was pointed out that reference to other sources will 
probably be necessary later,*—* and that as a first step collect- 
ing the IEC decisions was desirable. The work on electric 


and magnetic magnitudes and units is carried on in this 
country by the American Standards Association Committee 
Cé1. 
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Ignitron Multiple-Unit Cars for the 
New Haven Railroad 


E. W. AMES 


ASSOCIATE MEMBER AIEE 


The first quantity application of ignitron recti- 
fiers on multiple-unit cars is described. The 
use of the rectifier system has many advantages 
as it combines the desirable characteristics of 
high-voltage a-c transmission with straight d-c 
traction motors and control equipment. 


N APRIL 1, 1954, a 10-car train was placed in com- 
muter service on the electrified lines of the New 
York, New Haven, and Hartford Railroad, the first 
of 100 new multiple-unit cars. Modern in every respect, 
the outstanding feature is the use of ignitron rectifiers to 
convert alternating current collected from the trolley to 
direct current for operation of d-c traction motors. This is 
the first application in the world of this type of equipment 
in quantity. Its use follows naturally from the excellent 
results obtained with ignitron-rectifier-type motive power 
on a trial multiple-unit car in service on the Pennsylvania 
Railroad since 1949, followed by two locomotives (nom- 
inally rated 6,000 hp each and operating at 8,400 hp each) 
which have been in operation on the same railroad since 
early 1952. 


SERVICE OPERATIONS 


HE NEW CARS, built by the Pullman-Standard Car 
Manufacturing Company, weigh 78 tons without load 
and seat 120 passengers. Air conditioning and automatic 
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heat control are incorporated to assure passenger comfort 
in every season. In contrast to existing motor cars, which 
employ hand acceleration and operate with trailers, the new 
cars are all equipped with four 100-hp motors and accelerate 
automatically at a fixed rate of 1.0 mile per hour per 
second, based on an average load of 60 passengers. All 
motor-car operation involves a minimum of terminal 
switching, assures uniform acceleration rates, and provides 
the greatest protection of equipment and schedules in 
case of a power failure of one car in a train. The equip- 
ment is capable of operating in either local commuter 
service or in express service. 

During the first 6 months, the rectifier cars have operated 
a total of approximately 1,000,000 car miles. Counting 
days out of service for repairs and inspection, the avail- 
ability factor has been 95 per cent. At present 50 trains 
are operated with the new cars on weekdays, 43 on Satur- 
days. On Sundays, 33 trains are operated with the new 
cars and, in addition, trains are at times operated from New 
Haven to New York on relief schedules. Two cars are 
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Fig. 1 (right). Performance of typical 6-car train for transmission 
system and generator drops: 


Four WL.653-B ignitrons with four type-1451-A motors; 36-inch wheels, 
122/23 gear ratio; Main line impedance =0.705+ 31.69; Internal general 
voltage =11,750; Average car heater+-auxiliary motor load out of rectifier = 
50 amperes d-c; One can a-c filter; Distortion factors based on laboratory tests 


| 
assigned to trains operated on the New Canaan branch and |}—_ MPH -25- F-60 Lot 
and operate about 288 miles per day. \ oer ee 

Seven of the new cars are combination cars, each having 
a capacity of 92 passengers and 10,000 pounds of baggage. 
Four of the cars are fitted for and used in club-car service. 
One of these cars is equipped with a small buffet. 


oa 
° 
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PERFORMANCE 


HE PERFORMANCE Of a typical 6-car train operating 

from the 11,000-volt a-c trolley is presented in Fig 1. 
The performance from the 650-volt d-c third rail is shown 
in Fig. 2. 


MPH.- EFF —P.F.-LINE AMPS 
> 
°o 


ow 
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<p 


e . "ee ° . MPH-2S- 
SCHEMATIC DIAGRAM of the main circuit is given in 2P-FF 


Fig. 3. It can be seen that the major portion of the 
main and auxiliary circuits are the same whether the 
car is operating in the a-c or the d-c zone. Only the power 
supply differs. In the d-c zone the changeover switch geer 
connects the traction motor circuits and the d-c auxiliary a Soe Oe 2. Oe © 
circuits between the third-rail shoes and ground. In the eT ee 
a-c zone the changeover switch connects these same traction- 
motor and auxiliary circuits between the ignitron tube 
cathodes and the transformer mid-point through the main 
d-c reactor. 

On the first notch of the master controller, all motors 
and accelerating resistance are connected in series with the 
first step of field shunting to provide smooth starting. In 
both the a-c and d-c zones, resistor acceleration with a 
bridging transition is used with two steps of field shunting aM | 
in the parallel combination for high-speed running. The +++ +— ite ual tg 
acceleration is automatic at a fixed current rate under the 
control of the limit relay. 


CONTROL SYSTEM 


MOTOR AMPERES PER CAR-PARALLEL 


MPH - 4S-FF 

















RECTIFIER D-C SUPPLY 


MILES PER HOUR 


HE D-C POWER in the a-c zone is supplied from a 25- 

cycle single-phase full-wave rectifier. See Fig. 3. 
The anode balance coils assure equal load division to the 
two rectifier tubes connected in parallel. The d-c chokes 
are used to limit the a-c component of the rectified direct 
current to values which the motors will commutate satis- 
factorily. The air-brake compressor motor and car heaters 
do not require a d-c choke to operate from the rectified 
direct current, and therefore are connected from the cathode 
to the transformer mid-point. 


: 


MOTOR AMPERES PER CAR = PARALLEL 
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TRACTION MOTORS 


a TRACTION MOTORS are self-ventilated with single 

reduction gearing and flexible couplings. They are 

325-volt d-c series-wound commutating-pole motors, and Fig. 2. Notching curve, third-rail zone 650 volts d-c: 
insulated for operation two in series on a maximum of 750 Four type-1451-A traction motors, 36-inch wheels; 122/23 gear ratio 
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Fig. 3. Schematic diagram 


volts. ‘The motors are designed for suspension from the 
truck transom, .and are similar to those operating in the 
rapid transit service in New York City. 


MAIN CIRCUIT APPARATUS 


pac MAIN TRANSFORMER is an Inerteen-filled 380-kva 
transformer with an air-blast radiator Inerteen-to-air 
heat exchanger. One thousand cubic feet per minute 
(cfm) of air are used for cooling. The transformer, 
designed for mounting under a standard American Asso- 
ciation of Railroads center sill, is 52*/4 inches wide, 29/4 
inches high, 94*/s inches long, and weighs 7,840 pounds. 
The primary winding is 11,000 volts, 25 cycles. The 
secondary voltage from the mid-point to either end is 780 
volts with one tap at 226 volts from the transformer second- 
ary mid-point for a-c auxiliary circuits. 

The a-c filter consists of two capacitors and resistors 
across the entire transformer secondary to suppress the 
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SEQUENCE CHART AC 
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induced currents in telephone lines adjacent to the elec- 
trified lines in the a-c zone of operation. 

The four WL-653B ignitron-rectifier tubes are attached to 
a frame insulated and shock mounted from the main box 
construction. See Fig. 4. Insulation to ground is pro- 
vided by using 13 feet of rubber hose connected to the inlet 
and discharge headers of the tubes for the closed-circuit 
cooling system. The water temperature is regulated by a 
temperature-sensing device and a 3-way valve to maintain 
the water temperature between 42 and 45 C by passing 
water through the radiator for cooling or by-passing the 
radiator to retain heat in the water. Water heaters are 
turned on automatically whenever the water temperature 
is below 25 C (77 F). The water system is protected from 
freezing by antifreeze. The radiator for the cooling system 
is located in the air intake to the blower. The air tempera- 
ture is raised approximately 5 C and then utilized for cooling 
the main transformer and main d-c choke. There are two 
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Fig. 4. Ignitron equipment box, rectifier tube compartment 


excitation circuits of the nonlinear reactor type located at 
one end of the rectifier cubicle for excitation of the rectifier 
tubes. Misfire lights, one for each tube, have been provided 
to enable maintenance personnel to check the rectifier 
operation. The rectifier cubicle has been constructed in 
the form of a letter 7. It is 29 inches high, 65 inches long, 
and 49 inches at its widest part. Three felt-sealed lift-off 
covers are provided for access to maintain the apparatus. 
The rectifier cubicle, located under the car, weighs about 
1,880 pounds. 

The major portion of the control apparatus is located in 
the main and auxiliary control box. The box contains 
the electro-pneumatic switches which serve as the a-c 
and d-c line switches, field shunting switches, the switches 
which short-circuit accelerating resistance steps, and those 
that set up the series and parallel motor combinations. 
Also placed in the box are the reverser, a-c/d-c changeover 
switch, operating and protective relays, auxiliary circuit 
breakers, electromagnetic contactors for car heaters, in- 
dicating lights, and a-c and d-c watt-hour meters. Fig. 5 
shows the relative location of some of the apparatus in the 
main and auxiliary control box. The reverser and a-c/ 
d-c changeover switch have handles extending through 
the bottom of the box so that they may be operated by hand 
if required. 

The equipment boxes of previous multiple-unit cars 
operating on 650-volt third-rail systems have been mounted 
on insulators. The ignitron assembly, the main and auxil- 
iary control box, and the regulator and control box for 
these new cars are bolted directly to the under frame of the 
cars without the use of insulators, to comply with Interstate 
Commerce Commission EX Parte 179. The additional 
insulation required in order to use a grounded-box structure 
is provided inside the boxes. Having these box structures 
grounded provides an added degree of safety for the 
personnel servicing the cars. Screens protect personnel 
from the ungrounded parts of the accelerating resistors, 
field shunts, auxiliary reactor, and a-c filter resistors. Fig. 
6 shows a side view of the completed car. Figs. 7 and 8 
show views of the car interior and operating position respec- 
tively. 


PROTECTIVE APPARATUS 


HE MAIN TRANSFORMER is protected from primary over- 
loads by the pantograph-lowering (pl) relay. If the 
primary current exceeds 460 amperes, it is tripped magnet- 


May 1955 


ically, or if current in excess of the transformer rating con- 
tinues over a predetermined time, it trips thermally. 
When the pl relay trips, it operates the pneumatic ground 
switch which grounds the line causing the substation circuit 
breaker to trip. After the substation breaker trips, the 
pantograph is automatically lowered and locked down on 
the defective car. If the Inerteen of the main transformer 
exceeds 85 C, the traction motors are disconnected from the 
rectifier by opening LS3 and LS4; this lights an indicator. 

If an arc back occurs, the LS7 and LS2 switches are 
opened by the a-c overload relay. The a-c overload can 
be reset from the master controller or by a push button 
which extends through the box cover. 

The d-c overload is a combination of two relays, an over- 
load relay and a line switch relay. An overload in either 
traction-motor circuit trips the d-c overload relay, which 
opens LS3 and LS4. Like the a-c overload relay, it may 
be reset from the master controller or manually by the 
push button extending through the box cover. 

The ground detector relay trips if a ground occurs on the 
secondary of the transformer, or any circuit connected to 
it, and turns on an indicating light. 
operates only in the a-c zone. 

The rectifier is automatically shut down by thermostats if 
the tube jacket temperature exceeds 55 C (131 F) or if the 
water temperature falls below 5 C (41 F). If the water 
pressure, which is normally about 30 pounds, falls below 
15 pounds an under-pressure switch shuts the rectifier down. 
Whenever any of these conditions are corrected, LS7 and 
LS2 are closed and the rectifier again supplies d-c power to 
the car. 

A “‘power-on” relay is used to open the LS3 and LS4 
switches of the main-motor circuits whenever there is a 
loss of d-c power due to third-rail gaps or bouncing panto- 
graph. When LS3 and LS4 open, all main-motor switches 
open. On reclosing LS3 and LS4, the control starts from 
the switching position and notches up automatically under 
the control of the limit relay. 


The ground relay 


AUXILIARY CIRCUITS 


Dp moTorS fed either from rectified power or the 
third rail are used for all auxiliaries which are re- 
quired in both the a-c and d-c zones. 
(m-g) set, air compressor, air-conditioning compressor, 


The motor-generator 


and condenser motors are 650-volt d-c motors. The car 
heaters are supplied from the rectified power or the third 
rail. 

The transformer and reactor blower and the trans- 


is Segeogem 


Fig. 5. Main and auxiliary control box, front view 


Ames, Dowden—Ignitron Multiple-Unit Cars 

















former Inerteen pump are required only for a-c operation. 
The motors are capacitor-start capacitor-run induction 
motors which are fed from a 226-volt tap on the transformer 


secondary. The ignitron water heaters and anode heaters 
are fed from the third rail in the d-c zone and from the 226- 
volt tap through a 226- to 650-volt transformer in the a-c 
zone. 

Sixty-four volts direct current for control, low-volt- 
age auxiliaries, and battery charging is supplied from the 
generator of thé m-g set. The motor of the m-g set is a 
650-volt d-c compound motor which operates from either 
rectified or third-rail direct current. The control for the 
m-g set is located in the regulator and control box. 

The 64-volt control battery is made up of 32 lead-acid 
cells with a rating of 144 ampere-hours at the 2-hour rate. 
The entire battery is housed in a single box having metal 
grating at the bottom and rear for drainage and ventilation. 
The battery floats on the generator with a charging volt- 
age of 73 volts. No flushing has been necessary between 
inspection periods. The battery provides a 1-hour emer- 
gency stand-by supply in case of power failure. 

The car body and saloon are illuminated by fluorescent 
lamps operated from a 2.0-kw safety-type motor-alternator. 
The lighting provides approximately 20 foot-candles at 
reading level. Twelve 60-volt 15-watt emergency lights 
are provided and are automatically controlled. Two 25- 
watt 60-volt incandescent flood lamps are provided in each 
vestibule. The marker lights are built in with 30-volt 30- 





Fig. 7. 


Interior view of car 
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Fig. 6. Side view of completed car 


watt lamps with series resistors. The headlight at each 
end is the conventional 60-volt 250-watt prefocused type 
with dimmer circuit. 

The air-conditioning apparatus is rated at 8 tons dry. 
It is operated by a 2-speed motor direct connected to the 
compressor. The evaporator is blown by a 60-volt 2.0- 
hp blower which distributes either heated or cooled air 
at a normal rate of 2,400 cfm. When power fails, the 
blower is automatically speeded up to deliver approximately 
3,000 cfm. This feature is necessary to provide increased 
ventilation, since during power failure the air conditioning 
cannot operate. The 650-volt d-c air-conditioning com- 
pressor and condenser motors operate in parallel on a 
single set of controls. The compressor motor is rated 11.5 
hp and the condenser fan motor at 2.0 hp. 

A total of 38.88 kw is provided for car body heating. 
There are two vestibule blower heaters each rated 1.5 kw 
and one overhead heater unit rated at 21 kw arranged for 
three steps of control: 7, 14, and 21 kw. In addition two 
circuits of wall heat, each 7.44 kw, and four body end 
blower heaters, each rated 750 watts, are provided. All 
heaters are thermostatically controlled except the two 
vestibule blower heaters which are manually controlled 
by the engineman. The wall heaters provide 60 F lay- 
over heat under the control of a separate thermostat. 


CARBON BRUSH LIFE 


ie 9 OF THE MAJOR LIMITATIONS on the older classes of 
multiple-unit cars has always been the short life 
of carbon brushes, particularly those used in the traction 
motors. Experience to date indicates that brush life on 
the new cars may be anticipated as follows: 





Traction motors 


85,000 to 90,000 miles 


Ignitron pump motor 3 years 
M-g set motor 9 months 
M-g set generator 41/, months 
Motor-alternator motor 12 months 
Motor-alternator generator 3 years 
Air-conditioning compressor motor 2 years 
Air-conditioning condenser motor 3 years 
Air-brake compressor motor 2 years 





This anticipated brush life is based upon observations of 
performance during the first 6 months of operation. It is 
the authors’ opinion that the brush life can be extended in 
some cases either by change of brush grade or by adjust- 
ment of pressure. 


INSPECTION PERIODS 


y | ‘HE FIRST INSPECTION PERIOD on these cars was made 
after 4,000 miles of operation. Experience gained 
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Fig. 8. Car operating position 


from this inspection led to making the second inspection 
after an additional 16,000 miles of operation. Certain 
other inspection restrictions may be imposed; however, 


experience so far indicates that the new equipment should 
require minimal maintenance. 


POWER CONSUMPTION 


RELIMINARY TESTS on power consumption in_ local 

service show approximately 6.0 kwhr per car mile, in 
express service approximately 3.4 kwhr percar mile. These 
figures include heating or air conditioning and auxiliaries, 
but do not include stand-by losses. A-c stand-by losses 
are estimated at about 19 kwhr per car per hour, but 
operating conditions and practices have kept these losses 
to a minimum. 


CONCLUSION 


i ps USE OF THE RECTIFIER SYSTEM is advantageous in 
that it combines the desirable characteristics of high- 
voltage a-c transmission with straight d-c traction motors 
and control equipment. Furthermore, auxiliary motors, 
such as the air compressor, the air-conditioning compressor, 
and condenser motors, are 650-volt d-c motors. The selec- 
tion of 650-volt d-c motors for these auxiliaries made it 
possible to reduce the size of the control battery and the 
m-g set. It is estimated that the weight of the car would 
have been increased approximately 3,000 pounds if 64- 
volt air-conditioning motors and a larger battery had been 
used. 

The rectifier-type motive power with its high power 
factor and efficiency, with the use of standard 650-volt d-c 
motors, is well suited to a-c electrification. The New 
Haven Railroad has an additional advantage by the use of 
rectifier motive power since the cars are required to operate 
over 11 miles of the New York Central Railroad’s 650-volt 
d-c third-rail system into Grand Central terminal. 


U. S. Air Force Demonstrates First Supersonic Flight Simulator 


The U. S. Air Force recently demonstrated the first 
F-100A flight simulator to industrial representatives of the 
National Security Industrial Association, at Nellis Air 
Force Base, Las Vegas, N. Mex. This first supersonic flight 
simulator was made by Westinghouse Air Brake Company 
at Melpar, Inc., Falls Church, Va., a wholly owned sub- 
sidiary, while the production models of the F-700A simula- 
tor are being manufactured at Westinghouse Air Brake’s 
Union Switch and Signal Division, Swissvale, Pa. It 
affords realistic classroom training, practice in emergency 
procedures too dangerous to perform in the air—such as a 
flame-out or landing-gear failure—and facilitates pilot 
performance evaluation prior to actual flight. 

The Air Force has used flight simulators as a training aid 
since 1946, but the F-/00A is the first to simulate a super- 
sonic aircraft. A false move at supersonic speeds could 
mean pilot or plane loss. While the simulator only supple- 
ments actual flight training, it permits repeated schooling 
in procedures and techniques that ultimately enable the 
pilot to react instinctively during an actual emergency. 

The F-700A flight simulator occupies an area 47 by 18 
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feet and consists of seven major assemblies and five elec- 
tronic computer racks. Major assemblies include a cockpit 
in which are duplicated controls and instruments found in 
the actual F-700A aircraft, flash tubes simulate the effect of 
lightning, and twin speakers reproduce flight and engine 
noises for the pilot trainee. A flight instructor’s console 
contains a duplicate of the simulator cockpit instruments 
and two control panels. Using the control panel switches, 
the instructor can set up various problems and observe the 
pilot’s reaction to them. Various situations encountered 
in communication, navigation, cross-country, ap- 
proach procedures can be simulated. This simulator is 
designated as type MB-3. A 3-ton air conditioner supplies 
the instructor’s room, while the pilot’s cockpit is served by a 
11/s-ton unit. The performance of the F-700A fighter can 
be conveniently expressed by mathematical functions and, 
therefore, is readily handled by an analogue computer. 
The MB-3 simulator computing system duplicates the per- 
formance of the F-700A aircraft, and is connected to the in- 
struments and controls of the cockpit of the F-700A; in this 
manner, the flight characteristics of the fighter are simulated. 


and 


413 








The New Look in Lamp Bases 


J.O. GEISSBUHLER 


LUMINUM is used presently in the lamp industry in 
many places. For example, it is the reflecting coat- 
ing on all sealed-beam-type lamps. It is used also as 

a powder, where it has a beneficial effect on lamp per- 
formance, or in the manufacture of a heat reflecting disk 
to reduce the base temperature. But, by far, the largest 
amount of material and the newest use is for bases. 

Bases provide the mechanical and electric connection 
for lamps, and consist usually of a shell and one or more 
center contacts insulated from each other and the shell by a 
glass or a plastic material. In the fluorescent lamp, how- 
ever, the aluminum shell is not used to complete the elec- 
tric circuit, nor does it contact a metal socket. 

Traditionally brass had been the material for use in 
base manufacture. During World War II, a serious short- 
age of brass developed, necessitating a substitution. It 
became apparent very quickly that aluminum answered 
some of the primary requirements; it had good electrical 
conductivity, and good mechanical strength and stability. 
Cost analysis indicated that it would lower base costs and 
be in freer supply, compared to brass. But could it be 
adapted to manufacturing methods, and would it perform 
satisfactorily? ‘These were the two primary questions. 

Over the years, the engineers had worked very closely 
with the manufacturers of brass to develop high-speed 
manufacturing techniques. With the change of material, 
problems that had been solved in brass were retackled. 

In lamp-base manufacturing, the glass insulation is 
pressed into the shell at the melting temperature of the 
glass. Early aluminum alloys annealed at this temperature 
and were very soft. This problem was solved by reducing 
the glassing-in temperature of the glass, by changing to a 
higher-temperature aluminum alloy, and, in the glassing- 
in operation, by keeping the aluminum metal cool. 

Lead-tin solders were not suitable for use on aluminum, 
as corrosion developed very quickly between the solder and 
the base material. Recently developed welders now weld 
the side wire to the base. 

Does the new material perform well in the field? On 
standard-voltage lamps in a normal atmosphere there is 
no adverse effect of the oxide film on the electric connec- 
tion, probably because the voltage is high enough to break 
down the thin oxide film and the current required is very 
low compared to the area of contact. On low-voltage 
lamps, the current density is relatively high, and a resistance 
can develop. Many tests were run; after the previously 
designed lamp was exposed to adverse weather conditions 
for a long period of time, a voltage drop (less than 0.2 volt) 
developed. This could be serious in automotive service, 
but a redesign has practically eliminated this resistance. 

Aluminum is considered to have a high coefficient of 
friction, primarily because the thin oxide film formed on the 
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surface of the metal can be broken so easily. Thus it was 
necessary to look for a lubricant which would alleviate 
this condition. Commercial consideration demands that 
this material must be odorless, colorless, and a hard wax. 
It had to be inexpensive, and the method of application 
such that it would not swallow the cost advantage that 
aluminum provided. The material that best met these 
specifications was a hydrogenated whale oil. 

Another basic problem of aluminum is shown by a 
galvanic series for some common metals and alloys: 





CORRODED END (+) 


Magnesium and Alloys Nickel, Inconel (active) 


Zinc 
Aluminum 
Cadmium 


Copper 
Brasses, Bronzes 
Monel 
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Cupro-nickels 
Duralumin 
Nickel, Inconel (passive) 
Steel, Iron 
Cast Iron Stainless (passive) 
Stainless (active) 
Silver 

Gold 

Platinum 

PROTECTED END (—) 


Soft solders 
Lead, Tin 








Metals that are grouped close together have little gal- 
vanic action, and the galvanic action increases as the two 
metals in question are separated in this series. Aluminum 
stands quite high in the galvanic series compared to brass. 
Most of the lamp sockets now in service have been manu- 
factured with brass or copper shells, and aluminum-based 
lamps are used in these sockets. Aluminum in contact 
with the brass, and with water made conductive by atmos- 
phere impurities, has a galvanic action. The aluminum 
is wasted away in this action and forms a deposit of alu- 
minum oxide in the socket. 

If the lubricant used for reducing friction would now 
prevent or inhibit galvanic action, this special problem 
would be answered. Tests so far indicate that a good 
application of the lubricant helps in reducing or inhibiting 
this galvanic action. However, in applications when the 
atmosphere conditions are unusually severe, the lubricant 
is not adequate and brass bases should be used. Better 
lubricants are searched for, not only for the present lamps, 
but to expand use of aluminum to higher wattage lamps. 

The long-term objective in the lamp industry is to ex- 
pand the use of aluminum just as fast as engineering skill 
permits. Aluminum should no longer be stigmatized by 
being called a substitute, and further development effort 
will result in its increased uses in the lamp industry. 





Revised text of paper 55-262, ““The New Look in Lamp Bases,’ recommended by the 
AIEE Committee on Production and Application of Light and approved by the AIEE 
Committee on Technical Operations for presentation at the AIEE Electrical Utiliza- 
tion of Aluminum Conference, Pittsburgh, Pa., March 15-17, 1955. Scheduled for pub- 
lication in AIEE Transactions, 1955. 

J. O. Geissbuhler is with General Electric Company, Cleveland, Ohio. 


Acknowledgment is due C. W. Pearson for his extensive tests on galvanic corrosion and 
evaluation of lubricants, and W. E. Kotsch for the data on voltage drop on the automo- 
tive lamp test. 
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T was recognized early in the history of synchronous 

machines that generator operation at high-lagging, 
unity, and leading power factors resulted in extra losses and 
comparatively high temperatures in the structural parts at 
the ends of the armature core. This phenomenon has come 
to be termed as “‘end heating,” and is characteristic of the 
steam-turbine-type alternator. 

During the past few years rather intensive industry-wide 
efforts by turbine generator designers have been devoted 
to increasing the specific capacity of 2-pole generators. 
Significant progress has been made in the design of direct- 
cooled generators,'~* and in the design of multiple-circuit 
and multiple-phase generators,5 which also allow an 
appreciable increase in generator capacity. 

The greatly increased specific capacity of these direct- 
cooled machines has resulted in greatly increased loadings 
on the generator windings. Field tests on large 2-pole gen- 
erators have shown that a 10-per-cent increase in the ampere 
loading of a given generator will cause an increase of ap- 
proximately 13 per cent in the end iron temperature.® 

The end losses are generated by end fringing flux which 
passes from the ends of the rotor body and retaining rings 
to the ends of the armature core. This flux is produced by 
the winding magnetomotive forces, just as is the main air 
gap flux, the difference being that the permeance paths 
are in general longer and more complicated. The end 
flux rotates in synchronism with the field, and therefore 
sweeps past the stationary parts at the ends of the armature 
core at synchronous speed, inducing the eddy current losses. 

The study of end iron losses has consisted of: (1) a study 
of the magnetic field distribution at the ends of the ma- 
chine using a 3-dimensional electrolytic field mapping 
tank; (2) a study of the field distribution and resulting 
losses in the generator armature end teeth; (3) a study of the 
losses in various types of stator clamping flange construc- 
tion; and (4) factory and field tests on models and full- 
scale generators. 

Magnetic flux entering the end teeth of the stator core in 
an axial direction induces eddy currents which flow un- 
obstructed parallel to the laminations. It has been demon- 
strated that a given magnetic induction entering a lami- 
nated steel body in a direction perpendicular to the lami- 
nations generates losses many times greater than the same 
induction entering parallel to the laminations. Eddy cur- 
rents in the end teeth are largely resistance limited. 

The binding bands, binding band brackets, and outside 
space blocks of the machines currently being built by the 
author’s company are made from nonmagnetic steel. The 
eddy currents in these parts are resistance limited, since the 
dimensions are small in comparison with the penetration. 

On the other hand, the dimensions of the stator core 
flange are such that with presently used materials the cur- 
rents are nearly reactance limited. Therefore, the core 
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flange eddy currents prevent most of the end iron flux from 
penetrating the flange and from entering the backiron. 
The current flowing in the flange is a small fraction of the 
total end winding current, the actual magnitude depending 
on the geometry of the end structure. Magnetic steel and 
cast iron flanges behave in a similar manner, except for 
more pronounced skin effect and higher losses than with the 
nonmagnetic steel construction. 

It can be concluded that: 


1. End iron temperature-rise margins in generators of 
conventional rating have been greatly increased by the 
introduction of split teeth in the end laminations of the stator 
core. Slotting the end teeth accomplishes, to a lesser de- 
gree of perfection, the same effect as laminating the core in 
a direction parallel to the magnetic flux. This loss re- 
duction technique was first described, as far as the author 
is aware, in the foreign literature.’ 

2. It is expected that direct-cooled generators with 
greatly increased specific capacities currently being built 
by the company with which the writer is associated, will 
have capabilities in the underexcited region of operation 
similar to those of conventional units. This operation has 
been made possible by the development of design inno- 
vations consisting of split teeth in the end laminations of 
the stator core and a conducting shield over the stator core 
flange. The introduction of these design features will also 
help to maintain high efficiency in direct-cooled generators. 
The stator core flange shield consists of a copper shield 
bolted in place over the stator frame flange. This allows 
currents to flow in the shield, reducing the losses. 

3. Progress has been made towards a complete under- 
standing of the stray losses at the ends of the armature core 
in large turbine generators. 
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OISTURE is one of the main foes of electric appa- 

ratus. In liquid-filled apparatus such as transform- 
ers, excessive moisture in the liquid can be a reflection of 
a similar situation in the solid insulation. The problem of 
accurately detecting these minute quantities of water in the 
liquid is an extremely important one. 

In order to eliminate tedious sampling and transfer pro- 
cedures when it is desired to know the water content of oil 
in flowing systems, a continuous-flow moisture detector 
was developed and evaluated. The laboratory model used 
for most of the work is shown diagrammatically in Fig. 1. 
It consists essentially of a moisture-sensitive fabric sand- 
wiched between two metal plates with perforations. The 
liquid under investigation passes up through this element, 
and moisture from the liquid is adsorbed by the fabric in 
an amount proportional to the relative moisture content of 
the liquid. This varying amount of moisture in the fabric 
causes changes in the electrical resistance between the two 
perforated plates. Thus, by measuring this resistance, a 
measure of the relative moisture content of the liquid is 
obtained. 

Preliminary studies indicated that plotting the water con- 
tents of the oils in terms of per-cent saturation gave relation- 
ships which were practically independent of temperature 
and oil quality. The resistance values were plotted on a log 
scale. Fig. 2 shows the straight line relationship obtained 
for a typical new transformer oil. The detector was also 
evaluated by measuring dissipation factor and capacitance 
instead of resistance. The results were not as good for these 
quantities. For this reason, and because of the simplicity, 
economy, and general portability of available instruments, 
the resistance measurement was adopted for further investi- 
gation. 

A study was made of the influence of temperature on the 
It was found that for temperatures up to about 46 
C the results gave the same straight line as was shown in Fig. 
2. At 46 C some deviation from the straight line was ob- 


results. 
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Fig. 2. Log of resist- 
ance versus per-cent 
saturation of water in 
transformer oil; using 
0.003-inch fabric with 
0.010-inch spacer 
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served. At55 C the deviation was greater. In each case, 
the resistance was lower than would be expected for the per- 
cent saturation of water in the oil. This was attributed to 
a decrease in intrinsic resistance of the moisture-sensitive 
fabric with an increase in temperature. 

A brief investigation was carried out using oils from oper- 
ating transformers. For an oil which was considered the 
poorest that would be encountered in a transformer, the 
maximum deviation from results obtained for new oil was 
8-per-cent saturation. Some means of estimating the satu- 
ration value of used oils is essential for optimum precision. 
Work is being actively pursued on this problem. 

In order to determine the characteristics of the moisture 
detector under conditions similar to a factory application 
and as a part of a general program designed to devise a 
suitable method for evaluating filter papers, a plastic labo- 
ratory model of the detector was installed on a small-scale 
filter press. It was found that the response of the detector 
was a function of the flow rate. Once the detector was 
calibrated for a given flow rate, the results were repro- 
ducible. A comparison of the water contents calculated 
from the resistance readings of the detector element with 
those obtained by Kar] Fischer titration! was very favorable. 
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NCHOR-ROD corrosion on multigrounded distribu- 
tion lines has been found to occur as a result of gal- 
vanic action between copper-covered ground electrodes and 
galvanized steel anchor rods connected to the system neutral 
through uninsulated guys. This galvanic corrosion, while 
not observed in a majority of soils, has caused premature 
failures or excessively rapid deterioration of anchor rods 
in certain low-resistivity soils in North and South Dakota 
and in some other states west of the Mississippi River. 
Direct currents associated with the most usual corrosion 
reaction are shown in Fig. 1. 

Galvanic corrosion is not necessarily limited to anchor 
rods, even though damage to anchor rods is the first 
symptom of trouble. Multigrounded distribution lines 
usually have a primary neutral conductor common with 
the secondary neutral at all locations where secondary or 
service conductors exist, and the secondary neutral is 
grounded to underground consumer plumbing, well casings, 
metallic conduit, and frames of machines utilizing electric- 
ity. Any buried metal connected to the system neutral 
may be involved in the galvanic reaction and, under some 
conditions, may be damaged or may cause damage to other 
underground metal connected to the neutral. The char- 
acteristics of the grounding arrangement that contribute 
most to galvanic corrosion are, unfortunately, the ones that 
are most advantageous from the standpoint of safety, 
lightning protection, and positive clearing of faults. 

Three general types of mitigative measures appear to be 
useful and practical for relieving corrosion damage to 
anchor rods or other buried steel affected by galvanic 
corrosion. ‘They are 


1. Insulate buried steel from the copper-grounded 
neutral or replace the steel components with other materials 
that will not corrode excessively when connected to the 
copper-grounded neutral. 

2. Replace copper ground electrodes with galvanized- 
steel ground rods. 

3. Install galvanic anodes to provide drainage, and 
to prevent damage to the anchor rods or other buried 
structures. 


Each of these measures has advantages and limitations 
that change in relative importance with local conditions. 

The choice and the employment of mitigative measures 
against any specific corrosion problem should be based on 
reliable data as to the rate and extent of corrosion and the 
locations where most of the damage is occurring. This 
presents quite a problem to the distribution operator who, 
together with his system engineer, usually has had no pre- 
vious experience in analyzing underground corrosion prob- 
lems or in applying mitigative measures. The best 
approach is a combination of visual examinations of anchor 
rods possibly affected and electrical measurement of 
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galvanic currents in guys / 
and other connections to the | 
neutral conductor. 

Studies and experience re- t 
lating to underground corro- 
sion on multigrounded distri- 
bution lines point to the fol- 
lowing conclusions: 
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Fig. 1. Direct current flow 


1. Excessive underground caused by galvanic action 
corrosion is generally a result 
of galvanic action between 


buried copper and steel connected to the system neutral. 


2. Stray current electrolysis resulting from the cathodic 
protection rectifiers may cause relatively rapid under- 
ground corrosion, but should not present any serious 
problem if reasonable precautions are taken. 


3. Galvanic corrosion of anchor rods on existing lines 
can be relieved by the use of strain insulators in guys or 
corrosion-resistant anchor rods, by substitution of gal- 
vanized steel ground rods for copper electrodes or by use 
of galvanic anodes. Each of these measures has advantages 
and limitations that change with local conditions. Steel 
grounding seems preferable in most cases from the stand- 
point of economy and minimum danger of corrosion damage 
to other buried structures. 


4. Galvanized-steel ground rods should generally be 
used for replacement and new construction on all lines con- 
structed with steel anchor rods bonded to the neutral, 
to minimize possibilities of excessive underground corrosion. 
This appears applicable to multigrounded common neutral 
systems generally except where strain insulators or corrosion 
resistant materials are being applied for corrosion preven- 
tion. 

5. Anchor-rod corrosion is the first indication of 
galvanic corrosion on multigrounded lines with anchor 
rods connected to the neutral, but this should be recognized 
as a symptom and not necessarily the entire problem. 
All underground structures connected to the common 
neutral conductor should be considered when planning or 
applying mitigative measures. 

6. The attitude that if some grounding is good, more 
is better, needs to be reconsidered from the standpoint 
of underground corrosion. Grounding in excess of the 
requirements for safety and lightning protection may be 
a major factor contributing to excessive underground 
corrosion. 
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A practical germanium power rectifier has been 
developed which is now being applied to 
industry in the form of a d-c power supply. 
Applications include its use in the chemical, 
aluminum, steel, titanium, and tin reclaiming 
industries. Ratings such as 16,000 amperes at 
65 volts, 12,000 amperes at 130 volts, and 40,000 
amperes at 24 volts are being manufactured. 


LTHOUGH THE METAL GERMANIUM is not 
A a recent discovery, the bulk of research and develop- 
ment on this material has been done in the recent 
past. So it can be said that the discovery of the important 
uses of germanium has been made during the past decade. 
Anything that promises a revolutionary change in the field 
of electronics immediately becomes important because 
electronic equipment now plays such a vital part in indus- 
trial development as well as in everyone’s life. Such wide 
publicity has resulted in many people using the terms in a 
conversational way without realizing the exact meaning 
or the wide range of possible applications. 

Several large companies have devoted much time and 
money to research on the possible uses of germanium. As 
some of this development work progressed in the research 
laboratories of the General Electric Company, it was only 
natural that some of the engineers should begin to think 
of the possibilities of this metal in a direction other than 
electronic applications. Consequently, one branch of the 


Fig. 1 (left). 
Germanium recti- 
fier element. Fig. 
2 (right). Ger- 
manium rectifier 
elements mounted 
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development was directed toward power rectifiers. In due 
course a practical germanium power rectifier element was 
developed and has now been applied to industry in the 
form of a d-c power supply. 

For many years the well-known copper oxide and selen- 
ium rectifiers have been important where d-c power is 
needed in moderate quantities for industrial plants. Now 
the germanium power rectifier takes its place beside the 
others and promises to replace them in many applications. 


GERMANIUM POWER DIODES 


HE FIRST LOOK at this new power rectifier is impressive 

because of the rectifier’s small physical size compared 
to other metallic rectifiers. See Fig.1. Germanium is not 
a plentiful metal and its present cost is quite high. Fortu- 
nately a very small quantity of the metal will perform a 
large rectifying job. Germanium is a gray-colored crys- 
talline metal, hard and brittle, with a melting point slightly 
below 1,000 C. One source of the metal is a by-product 
of the silver and zinc mining industries. It must be care- 
fully refined so that the final product is in single crystal 
form. The pure single crystal material is produced as a 
long cylinder, shaped like a cigar, with the diameter being 
controlled by the speed and temperature of processing. 
The material is then sliced into wafers about 0.020 inch 
thick and about the diameter of a dime. But this wafer 
does not yet have all of the required qualities of a rectifier. 
Although a complete chemical explanation of the atomic 
structure required to produce rectifying properties is quite 
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Fig. 3 (left). 


Reverse current-temperature characteristic at rated voltage. 


D-c characteristics of typical metallic rectifiers per 1-square-centimeter active area. 





oc OUTPUT 


CELL TEMPERATURE (°C) 


Fig. 4 (center). 


Fig. 6 (right). Double-way rectifier unit of 250-ampere 


65-volt direct current output—one of the standard connections 


involved, the designation p-type and n-type germanium is 
currently being used to describe the structure. This simply 
means that some impurity or unbalance of the atomic struc- 
ture is necessary to produce free electrons. Experiment has 
proved that alloying with indium produces p-type germa- 
nium and alloying with antimony produces n-type germa- 
The actual rectifying element is made in the form 
of a sandwich with the thin wafer of germanium placed 
This 


sandwich must be carefully heat-treated to produce the 


nium. 
between a layer of indium and a layer of antimony. 


desired atomic structure which permits easy current flow 
(in the conventional sense opposite to electron flow) from 
pton. This is a critical step in the process; close control 
of time and temperature is essential for uniformity of elec- 
trical characteristics. 


RECTIFIER CHARACTERISTICS 


HE RELATIVE SIZE and physical arrangement of the 

dime-sized wafers already described is indicated in 
Fig. 2. The small physical size will be recognized as a 
distinct advantage and it is interesting to make a com- 
parison between this cell and those of other metallic recti- 
fiers. 

The ratio of forward to reverse resistance is in the order 
of 1 to 400,000 at the area of optimum rating, which far ex- 
ceeds the ratio of other metallic rectifiers. Obviously the 
small size is advantageous only if the material can be worked 
at a high current density. Fig. 3 indicates the relative 
current density of the three principal metallic rectifiers: 
germanium, copper oxide, and selenium. Note that for 
germanium the scale is read in amperes per square centi- 
meter, while for the others it is milliamperes per square 
centimeter. This illustrates that the germanium cell is 
operated at a current density almost 1,000 times greater 
than copper oxide. To make a more simple comparison, 
one of these dime-sized wafers, when properly cooled, is 
capable of rectifying as much as 3 kw. At this point it is 
evident that the small size offers some problems as well as 
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advantages, mainly in the ability to make the physical 
connections which will handle relatively large currents. 
Another problem is that of effectively removing the heat 
generated in this very small device. 

Like other metallic rectifiers, germanium has a negative 
temperature characteristic. 
of load current and reverse losses are a function of inverse 


Forward losses are a function 
voltage. Both losses cause a cell temperature rise which, in 
turn, changes cell resistance to modify the losses further. 
Reverse losses increase rapidly as the temperature rises 
because the reverse current change is exponential. Fig. 4 
indicates how reverse current changes with temperature. 
The heat must be dissipated from a small area very rapidly 
and the radiating fins with forced air or liquid immersion 
have proved the most effective method so far. 

The normal full-load temperature rise of the cell is 30 C 
over a 35-C ambient. Experiment has determined the 
derating curve for higher. ambient temperature. The 
derating can be done either by current or voltage. Fig. 5 
shows this relationship. 


ELECTRIC CONNECTIONS 


( : ERMANIUM RECTIFIER CELLS can be connected for single- 
way or double-way, single-phase and 3-phase opera- 


tion. Individual cells can be operated at a voltage con- 
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Fig. 5. Current rating at various ambient temperatures: 
A—Current derating at rated voltage; B—Permissible operation 
voltage of nominal 65-volt rms cell at various temperatures when 
equipment is operated at rated current 
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Fig. 7. Size comparison between germanium and selenium units 


siderably higher than is customary with other metallic 
rectifiers of equivalent rating. One of the standard con- 
nections is shown in Fig. 6. This is a standard double-way 
3-phase rectifier connection. Six individual cells connected 
in this manner have a rating of 225 amperes as 65 volts 
direct current. This is a surprisingly high rating for six 
of these relatively small germanium cells and is one of the 
distinct advantages. Such a self-contained power supply 
can be connected on the d-c output side in series or parallel 
with other equivalent units to form almost any combination 
and rating of power supplies required for industry. This 
voltage rating lends itself to providing the customary 125- 





Fig. 8 (left). 


420 


Crenshaw—Germanium Power Rectifiers 


volt power supply when two units are connected in series. 
This arrangement is well within the range of nominal 25- 
kw rating of packaged power supplies which have been 
offered for some time, using other metallic disk rectifiers. 
Fig. 7 gives a vivid comparison of size between a packaged 
selenium rectifier and the new germanium rectifier, both 
rated 25 kw, complete with transformers, switches, cooling 
blowers, and instrumentation. Fig. 8 shows the front view 
of a packaged 25-kw 125-volt germanium power rectifier 
and Fig. 9 shows a rear view of the same unit, displaying 
the vertical motor-driven fan which pulls air over the 
rectifier cells and forces it downward over the transformer, 
discharging out the bottom of the cubicle. 

To summarize, the principal advantages of germanium 
power rectifiers over other metallic types are: 1. high 
efficiency; 2. low regulation; 3. good stability; 4. 
very small reverse current; 5. high inverse voltage rating; 
and 6. small physical size. Fig. 10 shows a typical 
efficiency and regulation curve. 


INDUSTRIAL APPLICATION 


aes FIRST PURCHASER of General Electric germanium 
power rectifiers was the Metal and Thermit Corpora- 
tion. This company reclaims tin from tinplate scrap by the 
electrolytic method, which requires a considerable amount 
of direct current at a potential in the order of 115 volts. 
The load is constant. 

Recently this company decided to replace an old motor- 
generator set. After comparing motor-generator sets, 
mechanical rectifiers, and other metallic disk rectifiers, a 





Close-up of the rectifier with panel removed. Fig. 9 (right). Germanium rectifier, back view 
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decision was reached to give this new germanium power 
rectifier a chance to prove the advantages claimed for it. 
As well as being competitive in first cost, germanium has 
the advantage of high efficiency, easy installation, quietness 
of operation, and very little maintenance. 

A group of four 25-kw packaged power supplies, as 
described previously, were installed. Fig. 11 shows the 
installation. These units are connected in parallel to a 
common d-c bus which will supply a nominal rating of 800 
amperes at a voltage up to 125 volts direct current. 


CHARACTER OF THE LOAD 


es CHEMICAL PROCESS is beyond the scope of this 
article; 

characteristics will be helpful in understanding the applica- 
tion. In common with most electrolytic processes, the 
internal resistance of the circuit is quite low. It follows 
that the initial applied voltage must be quite low to limit 
inrush current to a reasonable value. A voltage in the 
order of 25 per cent of final full-load voltage is a safe value 
for use with the rectifier. 

As current begins to flow through the electrolyte, a back 
electromotive force (emf) is produced. This counter volt- 
age rapidly rises to a value equal to the reduced applied 
voltage. Thus, the inrush current is quickly reduced to 
practically zero. The applied voltage may now be increased 
in fairly large steps without causing further exeessive inrush 
current, provided the continuity of the circuit is maintained. 
The back emf continues to rise as the applied voltage is 
increased, finally reaching a maximum value at about 80 


however, a brief explanation of electrical 





4 











> = 
g 90 : 
2 80 3 
3 2 
. $ 
s ? 
3 60 fo) 

50 80+++ + , tty 

r++ +44 

CITT TTT Tt ELIZ 

oO 25 50 75 100 1°] 25 50 75 100 


Percent normal lood Percent normal lood current 


Fig. 10. Typical efficiency and regulation characteristic with the 
per cent normal load versus per cent efficiency and the per cent 
normal load current versus the d-c output 
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Complete d-c power supply with germanium rectifiers 
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per cent of final full-load voltage. Beyond this point, it is 
desirable to have continuous adjustment of applied voltage 
so it can be set at a value which overcomes load circuit 
resistance and maintains the desired load current. 


METHOD OF CONTROL 


Ws USING THE D-C GENERATOR it had been the prac- 
tice to turn the field rheostat for minimum voltage 
(in the order of 35 volts), then close the d-c circuit breaker. 
From the characteristics of the process previously described, 
it can be seen this practice would cause a sudden current 
inrush which would taper off to practically zero as the back 
emf builds up. With the rectifier, the problem is a little 
different in that it is desirable to limit inrush current for 
better protection of the cells, as well as to minimize tripping 
of the instantaneous overload. The need for a rather wide 
range of voltage adjustment is evident, although fortunately 
rather large steps can be used at the lower values. It was 
known that the power supply should be about 100 volts for 
an 800-ampere load current. It was determined by ex- 
periment that an initial applied voltage of about 25 
volts would limit the total inrush current to the order of 200 
amperes. 

When planning the installation, it was decided that an 
induction voltage regulator could provide smooth voltage 
adjustment for a considerable range either side of the normal 
100-volt operating point. It did not seem economical to 
build such a regulator with a range to provide the required 
starting voltage. At this point, it was discovered that the 
autotransformer starter from the retired motor-generator 
set drive motor would be available. By opening the Y 
of this autotransformer, three series reactors are available 
and these are inserted in the incoming a-c line adjacent to 
the voltage regulator to provide a very effective reduced 
voltage for starting. Fig. 12 shows essentially the schematic 
connection of the power system used. The series reac- 
tors are not shown here, but are located just below the con- 
tactor. 

The voltage regulator is rated 475 volts, 154 amperes, 
making it suitable for six 25-kw rectifier units. It provides 
continuous manual control 25 per cent above and below 
rated voltage. This range gives 73 volts minimum to 122 
volts maximum at the rectifier output terminals. 

Proper sequence for start-up is assured by interlocks in 
the main contactor control circuit. The fans must be 
running, overloads reset, and voltage regulator at the 
minimum position before the main contactor can be closed. 
The manual short-circuiting contactor around the series 
reactor is always released by its “no voltage release coil” 
when the main contactor is open. 

The first operation is to close the d-c load circuit breaker; 
then power is applied to line by push-button control which 
closes the main contactor. This applies the minimum 
alternating voltage to the rectifiers, resulting in about 25 
volts direct current at the load. This voltage suddenly 
applied to the load causes a momentary inrush in the 
order of 200 amperes total current if the line has been 
idle for a period long enough for the back emf to disappear. 
The current quickly drops to practically zero because the 
back emf soon equals the applied voltage. Short-circuiting 
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of the reactor raises the supply voltage to 73 volts direct 
current, again causing a current inrush in the order of 200 
amperes total. This current rapidly decreases to prac- 
tically zero as the back emf quickly builds up to a new value. 
Next the d-c bus voltage is increased by raising the 
voltage regulator. At about 80 volts on the d-c bus, the 
load ammeter begins to show steady-state current flow 
through the load, indicating that the maximum back emf 
has been reached. The operator continues to increase the 
d-c bus voltage by means of the voltage regulator until the 
desired load current is reached. It has been found that 101 
volts produces a load current of 800 amperes which is 
satisfactory operation, leaving ample range in the regulator 
in either direction to provide for minor changes in load 
characteristics. 

Operating temperatures of the rectifier cells have been 
measured at several points under normal load conditions. 
With an ambient of 32 C, the highest total temperature 
observed is 49 C. 

Refer again to Fig. 11 which shows this installation at 
work. The four units are arranged in such a manner that 
two more units can easily be added to bring the total 
rating to 150 kw, the equivalent of the retired motor- 
generator set. 

A similar germanium rectifier installation has been in 
operation for several months in a General Electric plant. 
Several other complete power supply equipments are on 
order for use in the chemical, aluminum, steel, and titanium 
industries. Ratings such as 16,000 amperes at 65 volts 
and 12,000 amperes at 130 volts are being manufactured 
for these industries. An equipment rated 42,000 amperes 


at 24 volts has recently been installed for aluminum 
anodizing. 





Mobile generator-set employed by Philadelphia Electric Company 
for temporary or emergency power during construction or main- 
tenance periods. Built by Giles and Ransome, Inc., the set con- 
sists of a 500-hp 1,200-rpm 12-cylinder Caterpillar diesel engine, a 
General Electric Company 375-kva 80-per-cent power factor 4,160- 
volt 3-phase generator, and necessary control equipment, all 
mounted in a Gramm single-axle van-type trailer 
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NE facet of a-c generator protection that has not re- 

ceived sufficient study is that of detecting grounds in 
the field windings. There are many schemes available and 
in use for detecting field grounds, but all of them have some 
weakness or shortcoming. 

There are two factors that make the detection of genera- 
tor field grounds difficult. First, the field circuit is nor- 
mally isolated from ground, and even with constant voltage 
applied, the potential between the conductor and the 
rotor iron is variable, depending on the specific location in 
the winding. Under normal conditions, the capacitance 
to ground of the field winding forces a distribution of volt- 
age so that the potential between each slip ring and the 
rotor iron is one half of the applied voltage, and the poten- 
tial to iron at the electric center of the field winding is zero. 

The second factor is found in the bearings of the machine. 
The generator designer provides insulation in both bearing 
pedestals so that a path for the flow of shaft current through 
the bearing pedestals and the bedplate does not exist. The 
reason for this is the damaging effect that current, even 
though very small, can have on the bearing surfaces. The 
turbine bedplate is generally a part of the station ground, 
and its bearing pedestals are available to connect the bed- 
plate to the shaft electrically. Unfortunately, this connec- 
tion is a poor one, because the bearing contains an oil film 
that can be an insulating barrier for low voltages and pro- 
vides a path of low and variable conductivity at higher 
voltages. ‘The conducting qualities of the bearing oil film 
depend greatly on the purity of the oil, clean oil being a 
poorer conductor than oil containing dirt or moisture. 

Thus, one can conclude that the shaft and rotor of a tur- 
bine generator may be electrically isolated from the bed- 
plate and station ground by the insulating properties of the 
bearing oil film. 

The lamps, voltmeters, or relays used to detect field- 
winding grounds are normally connected between the slip- 
ring brushes and the station ground. Even with the field 
winding solidly connected to the rotor iron, operation of the 
ground detector is dependent on the circuit between the 
shaft and the station ground, which includes the bearing 
oil film. It is for this reason that the ability of these ground 
indicating schemes to detect field-winding grounds is open 
to question. 

All of the ground detector schemes now in use have a com- 
mon shortcoming in that they depend on conductivity 
through the bearing oil film to cause operation. Noscheme 
offers a positive solution to the problem. 

Experience with these schemes has varied. Some oper- 
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ations have been reported, but whether the detector indi- 
cated a ground at the instant it occurred is always debat- 
able. It is conceivable that a field-winding ground might 
exist for days or weeks before the bearing oil film conductiv- 


ity becomes high enough to permit operation of the ground 
detector. It is also conceivable that the detector might 
never operate. 

In any event, it is extremely important that operators 
realize that the lack of a ground detector indication does 
not necessarily mean that there is no ground on the wind- 
ing. ‘The ground detector must be treated as a device that 
may indicate a ground, but some more positive means must 
be used to detect grounds. 

It can be concluded that: 


1. All ground detector schemes now available and in 
use rely on the conduction of current through the bearing 
oil film for effective detection of grounds. The bearing oil 
film has variable insulating properties depending on the 
quality and cleanliness of the oil and, in many cases, may 
prevent the detector from performing its function. 

2. The use of a shaft slip ring to by-pass the bearing oil 
film is not recommended. Because of the glaze or film that 
will develop on the surface of the slip ring, the bearing oil 
film is apt to be more conducting, in which case the pur- 
pose of the shaft slip ring is defeated. In addition, the ex- 
pense and difficulty of finding a location on the shaft for 
the slip ring and brush assembly are not justified by the 
questionable advantage gained. 

3. Alternating voltage method is not recommended 
because of the danger of establishing capacitive leakage 
current through the generator bearings. This current can 
be established even though no field ground exists. Also, part 
of the ground insulation is overstressed, caused by the a-c 
component of voltage added to the normal exciter voltage. 

4. Even when the alternating voltage is rectified into 
direct voltage, the condition of overstressing the field in- 
sulation continues to exist. 

5. The scheme using a voltage divider bridge with one 
leg of the bridge being a nonlinear resistor, that will shift 
the zero point of ground measurement as the exciter volt- 
age varies under regulator control, seems to offer the best 
over-all protection. 

6. In the final analysis the insulation resistance of the 
winding should be determined or some overvoltage means 
should be used to determine the insulation condition at 
every shutdown period of the generating equipment, to 
insure that no undetected grounds in the field winding exist. 

7. Movement of the rotor coils caused by rotational 
forces may contribute to establishing a _field-winding 
ground. Therefore, an insulation check with the machine 
running at normal speed is desirable. The bearing oil film 
and pedestal insulation should be by-passed with a jumper. 
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IBRATION and noise in a 3-phase 2-pole a-c motor 

quite often are characterized by a pulsation or “‘beat”’ in 
the amplitude. That is, the amplitude of the vibration and 
noise increases and decreases at a uniform frequency which 
is related to the slip of the rotor. In many applications, 
these pulsations are not detrimental to the performance of 
the machine, but they do have an adverse psychological 
effect upon anyone in the vicinity, because a pulsating noise 
is much more noticeable than a steady one. 

Two types of pulsation are encountered the most fre- 
. quently. The most common varies at two times slip fre- 
quency; the second varies directly with slip. These pulsa- 
tions are of the order of from 1/2 to 10 cycles per 
second, depending on the slip of the rotor and the type of 
pulsation. A normal human ear cannot hear vibrations 
much under 15 cycles per second, but these pulsations can 
definitely be heard. Therefore, it is reasoned that the 
pulsations are not a single frequency, but must be the result 
of co-operation between two different frequencies at least 
one of which is in the audible range. 

Fundamentally, low-frequency pulsations can be caused 
in two different ways. First, the amplitude of a given 
vibrational force wave may be modulated by another vibra- 
tional force of a different frequency. A typical sinusoidally 
modulated wave is shown in Fig. 1. The amplitude of the 
carrier wave increases and decreases uniformly or pulsates 
as dictated by the modulating wave, but its frequency re- 
mains Constant. 

Second, if two vibrational driving forces exist simul- 
taneously which have approximately the same frequency, 
they alternately aid and buck one another causing the 
phenomenon of beats and the frequency of the pulsation is 
the difference between the two frequencies. The addition 
of two sine waves with slightly different frequencies results 
in a curve with an envelope exactly the same as in Fig. 1. 








Fig. 1. Sinusoidally modulated wave 


A—Carrier wave unmodulated; B—Modulating wave (71/2 cycles); 
C—Modulated wave 
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In any 2-pole a-c machine, many vibrational driving 
forces, both mechanical and electromagnetic, exist simul- 
taneously and can co-operate to produce both phenomena 
just described. All a-c motors have a twice line frequency 
driving force caused by the inherent radial magnetic forces. 
It is more prominent in 2-pole machines because of the 
comparatively greater distance between poles. If the rotor 
is eccentric, there is a point of minimum air gap which 
revolves at rotor speed. In one revolution of slip, this 
minimum air gap comes under the influence of a pole twice, 
and so the frequency of the unbalanced magnetic force is 
twice slip frequency. As a result, the second harmonic 
driving force is modulated at twice slip frequency. Other 
mechanical dissymmetries, as a bent shaft, or dynamic un- 
balance, combined with a weak shaft will also cause a 
revolving minimum air gap. Electrical dissymmetries in 
the rotor cause the same frequency modulation. 

The phenomenon of beats is caused by the combination 
of twice line frequency driving forces and twice running 
frequency forces which differ by two times slip frequency. 
In addition to the inherent radial forces, such things as 
the stator bore being elliptical or uneven air gaps amplify 
the twice line frequency forces. The twice running fre- 
quency forces are caused mechanically by factors like a 
shaft with noncircular cross sections or elliptical bearings. 

Another factor which causes a beat is the space harmonics 
in the main flux wave. The frequency of the voltage in- 
duced in the rotor by the fifth and seventh harmonics differs 
numerically by twice slip frequency. Thus a point on the 
rotor sees two revolving fields which alternately aid and 
buck one another, causing a torque pulsation. Other com- 
binations of harmonics such as the 11th and 13th, 17th 
and 19th, etc., also beat at two times slip frequency and so 
have the same effect. 

Another type of pulsation is the result of a modulation of 
running frequency vibrations by an unbalanced magnetic 
force. If the rotor isnot centered, causing uneven air gaps, 
then the resulting unbalanced magnetic force alternately 
adds to or subtracts from the dynamic unbalanced force. 
The frequency of this pulsation can be slip frequency, or 
a little less than slip frequency, depending on the slip. 

A perfectly symmetrical machine thus would not be afflicted 
with vibration pulsations, although it still might vibrate. 
In order to eliminate the pulsations, the stator bore, air gaps, 
rotor, and shaft must be made as accurate and uniform 
as practical. Also, the natural frequency of the shaft 
and stator core must be kept away from running fre- 
quency or twice line frequency. Finally, a stator winding 
which suppresses space harmonics should be used. 
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Coaxial Cavity Filters for Multiplexing 
of 900-Mc Radio-Relay Systems 


M. H. KEBBY 


Coaxial cavity band-pass filters of one or more 

sections in tandem have been developed to 

provide for simultaneous application to a single 

antenna of two or more radio transmitters and 

receivers operating in the 900-mc range. Con- 

siderable savings can be realized in equipment 
cost for multichannel radio systems. 


NTENNAS used with microwave radio systems are 
pean capable of handling efficiently a much 

wider band of frequencies than is required for a single 
unidirectional group of communication channels. In this 
respect, antennas can be compared to open-wire lines or 
cable pairs, both of which are capable of transmitting a 
wider frequency band than is occupied by a single telephone 
channel or group of channels in a particular part of the 
frequency spectrum. Just as physical lines are commonly 
multiplexed to use fully their transmission band capabilities, 
so are microwave antennas used for simultaneous trans- 
mission and reception of more than one group of radio 
channels. Physical lines are multiplexed by using coil— 
capacitor or, in some cases, crystal filters to separate the 
various frequency bands involved. Although such con- 
ventional filters are not practical at microwave frequencies, 
other types of frequency selective devices can be used. 

In the 900-mc region, coaxial cavities are the most prac- 
tical and economical type of filters, largely because of their 
excellent electrical characteristics and convenient size. 
Such accessory equipment is used in a recently developed 
Lenkurt type 72B radio system. Although presently 
available designs use short-circuited quarter-wave coaxial 
sections tuned for operation only in the 900-mc band, sim- 
ilar filters are practical for other frequency ranges. 

In possible applications of type 72B radio equipment, up 
to three parallel radio circuits may be required in the 900- 
mc band (890 to 936 mc). A frequency allocation per- 
mitting such operation is shown in Fig. 1. Filters have been 
designed with sufficient selectivity to permit a minimum 
separation of 12 mc between any transmitter and receiver 
operating on the same antenna. Minimum separation be- 
tween two transmitters or between two receivers on a single 
antenna is 6.3 mc. 

Coaxial cavity filters acting as multiplexers, diplexers, 
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and multidiplexers have been developed for the following 
equipment combinations: 


One transmitter and one receiver: 
Two transmitters 
Two receivers 
Three transmitters 
Three receivers 
Two transmitters and two receivers: 


diplexer 
multiplexers 


multidiplexer 


COAXIAL CAVITIES AS R-F FILTERS 


Coes cavity filters consist of one or more short seg- 
ments of coaxial transmission line with each segment 
corresponding to an individual mesh of a conventional coil— 
capacitor filter. Each line section is effectively a quarter 
wave long at the center of the passband (referred to as the 
resonant frequency); it is short-circuited at one end and 
open-circuited at the other, with coupling loops provided 
In the vicinity of 
resonance, the impedance—frequency characteristics of such 
a line are equivalent to those of a lumped-constant parallel- 
resonant circuit with an equivalent Q. Generally, the 
desired attenuation characteristics of the r-f filter lie in the 
frequency range of about 5 per cent above and below the 
resonant frequency. Therefore, within this range, standard 
response curves relating bandwidth and Q derived for 
lumped-constant circuits may be used. 


for the input and output connections. 


The frequency of resonance f of a transmission line in 
megacycles is given approximately by: /{=246n/L, where 
n is the number of quarter-wavelengths along the line and 
L is the line length in feet. 
narily used at its lowest possible (fundamental) resonant 
frequency, in order to have the greatest possible frequency 
separation between higher-order resonant modes. With a 
short-circuited quarter-wave line the closest resonant fre- 
quencies occur at odd multiples (3, 5, 7, etc.) of the funda- 
mental frequency, while with a half-wave open line the 
higher order modes are even multiples of the fundamental. 
In addition, the quarter-wave line is shorter and occupies 
less space, an important consideration in the uhf and lower 
microwave spectrum. Thus, a quarter-wave line was 
selected for this design. 


Coupling Methods. Various arrangements can be used 
for coupling energy into and out of tuned cavities. The 
coupling may be either magnetic or electric. Coupling to 
the magnetic field is most effective near the short-circuited 
end of a quarter-wave line where the current density is 
greatest, while coupling to the electric field is most effective 
near the open-circuited end where the highest voltage 


In an r-f filter, a line is ordi- 
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Fig. 1. Frequency allocation for the operation of three type 72B radio systems over one path 


gradient exists. Magnetic coupling may be obtained by 
placing a small loop of wire or ribbon, connected to a co- 
axial transmission line, in the cavity. Electric coupling is 
usually accomplished with a small capacitive probe, formed 
by extending the center conductor of the coaxial transmis- 
sion line into the cavity. 

Magnetic loop coupling has been chosen in the present 
design. The loops protrude through the short-circuiting 
plate of the coaxial cavity. Input and output loops are 
placed on opposite sides of the center conductor to provide 
minimum direct magnetic coupling between the loops. 
Such coupling between loops would tend to reduce the 
selectivity of the filter. 

The effect of coupling loop position may be seen by con- 
sidering an approximate equivalent circuit of a cavity 
filter near resonance (Fig. 2). The loop inductances L, 
and L» will be tuned out by the resonant circuit Zo and Co; 
however, they should be kept as small as possible to prevent 
altering of the impedance characteristics of the resonant 
circuit. 

The mutual coupling M, and M, between the loops and 
the resonant circuit is dependent upon the loop areas and 
their position and orientation in the magnetic field. The 
input impedance at resonance 
is dependent primarily upon 
the relationship between M, 
and M, for a given load 
; impedance. Generally, M; is 
made equal to Ms, so that at 


INPUT bi 


M ; : 
2 resonance, the input imped- 
OUTPUT Le ance is approximately equal 
to the load impedance. At 
Fig. 2 Equivalent other frequencies, the input 


impedance is dependent more 
upon the impedance of Lo 


circuit of coaxial cavity 
filter near resonance 
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and Co, which, of course, drops as the frequency deviates 
from resonance. This, in turn, results in an extremely low 
input impedance which is practically independent of the 
load impedance. 

The rate at which the input impedance drops as the 
frequency deviates from resonance (selectivity of the filter) 
is dependent upon the loaded Q of the resonant circuit; 
this is determined primarily by the value of Mz, (for a 
fixed load impedance). Thus, the selectivity of the filter 
may be changed by altering the coupling, a relatively simple 
matter with rotatable coupling loops. 

Insertion Loss. Filter losses at resonance are primarily 
caused by dissipation and mismatch. Dissipation within 
the filter may be kept to a minimum by using a high- 
conductivity material on the inside surfaces of the cavity. 
A good low-impedance short circuit at the short-circuited 
end of the line is also important. As in a lumped-element 
circuit, dissipation results in a finite unloaded Q. The 
magnitude of the dissipation loss generally lies between 0.25 
and 2 db and is given by! 


Qu 
Qu —Q; 


where Q, is the unloaded Q and Q, is the loaded Q. 

The magnitude of the mismatch loss is determined pri- 
marily by the relationship between input and output 
coupling factors (M; and M,; in Fig. 2) and the load and 
source impedances. It is generally less than 0.1 db. 

Practical Filters. A typical quarter-wave short-circuited 
coaxial cavity filter section is shown in Fig. 3. The cavity 
has an outside diameter of 2 inches, a length of approxi- 
mately 6 inches over-all, a characteristic impedance of 
approximately 80 ohms, and an unloaded Q of greater than 
2,000. The length of the center conductor is adjustable to 
allow tuning from 890 to 960 mc. 





Dissipation loss (db) =20 log 
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Fig. 4 shows a set of measured curves giving the attenu- 
ation versus frequency characteristics of a single filter sec- 
tion. Curve A was taken with the coupling loops set in a 
position of maximum coupling; insertion loss at the center 
frequency was 0.25 db. Curve C was taken with the 
coupling loops set to allow very little coupling; insertion 
loss for this position was 1 db. Curve B was taken with the 
loops in an intermediate position. The maximum attenu- 
ation for the condition of the loops adjusted for maximum 
coupling is about 32 db, and is limited by the direct mag- 
netic coupling between the input and output loops. 


MULTISECTION FILTERS 


aan coaxial cavities are cascaded to provide more 
attenuation outside the passband than is possible with 
a single filter section. Selectivity to some extent is con- 
trolled by the degree of coupling. As the coupling is re- 
duced, the passband may become intolerably narrow and 
the filter may become too critical to adjust. Under such 
conditions, it is necessary to add one or more sections to 
obtain adequate selectivity. 

The most convenient method of coupling between filter 
sections is through transmission lines of an odd multiple of 
quarter waves in length.? This length is not critical, how- 
ever, as shown in Fig. 5 where the attenuation character- 
istics are plotted for several lengths of coupling line. 

Fig. 6 shows a set of curves measured with one, two, and 
four filter sections in tandem. Each section was adjusted 
to provide the same attenuation and insertion loss. 

The total insertion loss of the filter sections in tandem at 
resonance is the sum of the insertion losses of the individual 
filters. Note that the attenuation for a given frequency 
outside the passband is greater than that of the sum of the 
attenuations of the individual filters. This is because of the 
increased mismatch loss created by the impedance trans- 
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Fig. 3. 900-mc coaxial cavity filter 


forming properties of a quarter wavelength of transmission 
line. 

At a given frequency outside the passband, the input and 
output impedances of the filters are less than the character- 
istic impedance of the coupling line. Because the load 
impedance Z; of the coupling line is less than its character- 
istic impedance Zo, the input impedance Z, to the line will 
be greater than its characteristic impedance, or equal to: 
Z,=Z¢/Z2;. With a zero-length coupling line (or a line a 
multiple of half-waves in length), the mismatch loss would 
be proportional to the ratio Z)/Z,; however, with a quar- 
ter-wave coupling line, the mismatch loss is proportional to 
Z,/Z, which is equal to Z?/Z,°._ Loss at the passband 
frequencies is not affected, since the line is terminated in its 
characteristic impedance. 
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Fig. 4(above). Attenuation of a single-section coaxial cavity filter for several 
coupling conditions. Fig. 5 (right). Attenuation of a 2-section coaxial cavity 


filter for various lengths of coupling line between filter sections 
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APPLICATIONS 


OAXIAL Cavity filters are presently used with the type 
72B radio system for: (1) receiver preselection; (2) 
receiver multiplexing; (3) transmitter harmonic suppres- 
FOUR, SECTION sion; (4) transmitter multiplexing; (5) transmitter— 
| receiver diplexing; and (6) multidiplexing. 
| 








L.=2 





Receiver Preselection. When the first stage of a super- 
heterodyne receiver is a mixer, some form of filtering must 
be provided between the antenna and mixer to prevent 
extraneous signals from entering the mixer and causing 
interference. A 2-section filter having the attenuation 

characteristics shown in Fig. 6 is generally used on the type 
| 72B receivers for preselection. In applications where 
extremely close spacing of transmit and receive frequencies 
is necessary, a 4-section filter may be used to provide the 


TWO SECTION : Ps ep 
LL. = Idb required additional selectivity. 
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Receiver Multiplexing. When used to multiplex more than 
one receiver on an antenna, the coaxial cavity filters must 
furnish sufficient isolation between receivers to prevent 
loading of the antenna at frequencies other than the 
NN e. operating frequency of the individual receivers. When 


ONE SECTION coaxial cavity filters are used for multiplexing, they also 
LL. = /2-db 








act as receiver preselection filters, since the requirements for 
Pe | preselection are less severe than for multiplexing. In many 
| cases, sufficient isolation could be provided by a 2-section 
| filter between each receiver and the common line; however, 
-25 -20 -I5 -10 -5 O +5 +10 +15 +20 +25 because of the multiplicity of transmitters which usually 
DEVIATION FROM CENTER FREQUENCY -MEGACYOLES exists at a location where receivers are multiplexed, the 
possibility exists of spurious frequencies, causing objection- 
able interference in the receiver. For this reason, the 
greater selectivity provided by 4-section filters is desirable. 
The arrangement commonly used to multiplex more than 
one receiver on an antenna requires the 4-section filter in 
the front end of each receiver. The total insertion loss of 
each filter is 2 db. The filter input impedance is very 
| low off resonance; therefore, to make the off-resonant input 
eeee 60 : impedance very high (looking at the filters from the june- 
@020_068 tion), the line interconnecting the filters and the junction 
block is made three quarters of a wavelength. At the 
resonant frequency, the line input impedance at the junc- 
tion is almost equal to the receiver input impedance. 






































Fig. 6. Attenuation for one, two, and four filter sections in tandem 


Transmitter Harmonic Suppression. A single-section filter 
is generally used in the transmitter to provide the necessary 
suppression of harmonic radiation. A filter having attenu- 
ation characteristics, as shown in curve A of Fig. 4, will 
generally insure that harmonic radiation is at least 70 db 
below the unmodulated carrier. 


Transmitter Multiplexing. Transmitter multiplexing filters 
must provide sufficient decoupling between transmitters 
to prevent the creation of intermodulation products of a 
disturbing nature in the final transmitter stage; in addition, 
they must allow loading of the antenna only at the operating 
frequency of each transmitter. Filters which provide the 
necessary attenuation for multiplexing automatically pro- 
vide the required harmonic suppression, since the latter 
requirement is less severe. 

It has been found that at least 25 db of isolation is required 
between type 72B transmitters to insure that spurious 

Fig. 7. Two transmitters multiplexed on a common antenna products will be more than 75 db below the transmitter 
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unmodulated carrier. This requirement is particularly 
severe in the case where three parallel links are in operation 
with transmitters equally spaced in frequency. Under 
these conditions, the third order (2F,—F,) or (2F,—F,) 
product between the center and high (or center and low) 
frequency transmitters falls directly on the low (or high) 
frequency transmitter. This product, if it reaches the 
receiver with sufficient intensity, would result in an objec- 
tionable beat frequency which could cause interference in a 
carrier-derived voice channel. 


A 2-section filter is adequate when the frequency separa- 
tion between transmitters is at least 7.5 mc. Where the 
separation is 6.3 mc, a 4-section filter must be used. Each 
filter section has an insertion loss of about 0.5 db and 
attenuation characteristics as shown in Fig. 6. 


Fig. 7 shows two Lenkurt type 72B transmitters which are 
multiplexed upon one common transmitting antenna. 
The multiplexer panel, shown near the top of the trans- 
mitter on the left-hand side, has a capacity of three trans- 
mitters. Four-section filters are used in this case because 
the frequency separation between transmitters is only 6.3 
me. For this particular application, the traffic load is such 
that two circuits will provide the necessary capacity at this 
time; however, at the present rate of growth, it is estimated 
that within a few years one additional circuit will be 
required. The frequency for this additional circuit has 
been allocated and the multiplexer filters tuned and factory- 
tested. At the time of installation of the third transmitter, 
a cable patched between the multiplexer and transmitter 
power output panel will be the only requirement for con- 
nection of the new transmitter to the existing antenna sys- 
tem. Although not shown, a similar arrangement is 
provided for the receiving system. This type 72B radio 
circuit has an ultimate capacity of 216 toll-quality telephone 
channels and 3 voice-frequency order wire channels, plus a 
large number of alarm and pilot tone channels. 


Diplexing. To allow simultaneous operation on a single 
antenna of a transmitter and a receiver (diplexing), the 
recommended minimum frequency separation between 
transmitter and receiver is 12 mc. The primary purpose 
of the transmitter filter is to prevent the transmitter from 
loading the antenna at the receiving frequency. A 2- 
section filter having an attenuation of 25 db at the receiving 
frequency and an insertion loss of 0.5 db provides the 
necessary isolation. 


The receiving filter must, in addition to preventing 
receiver loading of the antenna at the transmitting fre- 
quency, provide sufficient isolation between the transmitter 
and receiver to prevent the creation of objectionable 
modulation products in the front end of the receiver. 
Such modulation products are primarily difference fre- 
quencies between high-order harmonics of the local oscil- 
lator mixer injection frequency and of the transmitter 
frequency. For example, when the transmitting frequency 
is lower than that of the receiver and the difference between 
them is equal to one half the receiver intermediate fre- 
quency, a product is created in the first mixer stage between 
twice the transmitting frequency and twice the injection 
frequency. This product is equal to the intermediate fre- 
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Fig. 8. Attenuation of a 4section filter. The crosses show the 


required attenuation when diplexing 


quency. There are numerous other discrete frequency 
combinations which will result in objectionable interference 
unless sufficient isolation is provided. 

The interfering effect of the frequencies within the 
operating range of the receiver, and the isolation required 
between the transmitter and receiver, determine the attenu- 
ation required to the transmitter. This requirement is 
shown in Fig. 8 on the same co-ordinates as a curve 
showing the attenuation provided by the 4-section receive 
filter. 

Multidiplexing. A frequently used combination of equip- 
ment, two transmitters and two receivers, may be operated 
on a single antenna through use of a multidiplexer; a 
combination of a multiplexer and a diplexer. The neces- 
sary filter characteristics for this arrangement may be 
obtained through analysis of the requirements for both the 
multiplexer and diplexer. Four-section filters are used on 
the receiving lines and 2-section filters on the transmitting 
lines, if the minimum frequency separation between a 
transmitter and a receiver is 12 mc, between receivers is 
6.3 mc, and between transmitters is 7.5 mc. The spacing 
between transmitters could be reduced to 6.3 mc through 
use of 4-section filters on the transmitting line. 
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Digital Data-Recorder for Dense Storage of Voltages 


G. L. HOLLANDER 


ASSOCIATE MEMBER AIEE 


HIS digest describes the design of a magnetic digital 
data-recorder. ‘The information is recorded in digital 
form for compactness. A comparison of various modula- 
tion methods in the paper shows that digital representation 
of the continuous voltages yields by far the smallest package. 
Information recorded in digital representation is espe- 
cially well suited for automatic data reduction. Labor 
savings of at least a factor of 100 can be realized. However, 
digital representation does not preclude rapid qualitative 
examination of records without data-reduction equipment. 
When information is in digital form, its accuracy does 
not change with variations of circuit components. Thus 
one needs to calibrate only those circuits where the informa- 
tion is in analogue representation. Since most of those 
‘analogue circuits” are common to all input channels, 
only one mg HO to be calibrated. Furthermore, 
if a reference voltage like the transducer excitation is re- 
corded on one channel, calibration is automatic many 
times each second. 

To store the data in digital form the information must be 
sampled. The channel bandwidth specifications listed 
below are in terms of samples per second. With approxi- 
mately three samples per cycle of the highest information 
frequency in each channel, all information can be recovered 
with the accuracy specified below. 


Minimum design-goal specifications of a recorder are 





Precision of the data 
Bandwidth of the precision channels 
1 channel 
8 channels (each) 
Minimum operating time 
Maximum volume 


+0.5 per cent 


5,000 samples/second 
.600 samples/second 

; 8 minutes 

500 cubic inches 





In addition, amplitude-modulated channels with a band- 


width of 10,000 cycles per second are available. At re- 
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Fig. 1. Major units of recorder 


Hollander—Digital Data-Recorder 


duced operating time, the bandwidth of the amplitude- 
modulated channels can be increased to 80,000 cycles per 
second, 

With an external adjustment, the nine precision channels 
can be combined into a single channel with a sampling 
rate of approximately 10,000 samples per second. Other 
combinations of the eight low-frequency channels can yield 
four channels with a sampling rate of 1,200 samples per 
second; or two channels, of 2,400 samples per second. 

With the flexible building-block design, digital data- 
recorders can be packaged to other specifications. Typi- 
cal alternatives are described in the paper. 

Essentially, the digital data-recorder consists of a 28-track 
magnetic-tape recorder and auxiliary circuits that multiplex 
the input channels and convert the voltages into binary code 
(Fig. 1). While the auxiliary circuits occupy as much space 
as the data storage unit, the efficiency of digital representa- 
tion yields an over-all volume reduction for operating times 
of more than 5 minutes. 

The major components of the recorder are shown in Fig. 
1. The input-channel selector connects one of the input 
channels to the sampler, which samples the selected volt- 
age and holds it during the entire coding interval. The 
coder converts the sampled voltage to digital form, which 
is then stored in the data storage unit. The synchronizing 
generator supplies counting pulses for the coder and co- 
ordinates the timing of all operations. A synchronizing 
pulse from the input-channel selector is also recorded to 
aid in identifying the data during playback. 

The paper has presented the design of a recorder that 
stores in digital form continuous voltages from various 
transducers. In digital representation: 


1. More information can be stored in limited space. 

2. Data can be reduced automatically. 

3. Calibration is simplified, because the same critical 
circuits are shared by all channels. 


While the paper describes a specific design, the principle 
of digital representation can be used advantageously for 
many instrumentation systems where space is at a premium. 

The significance of this design is that for most high- 
precision wide-band recording applications, digital repre- 
sentation of the data yields the smallest package, even if the 
coding equipment is included in it. 
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Asymmetry Zero-Drift Errors in Magnetic Amplifiers 


W. A. GEYGER 


MEMBER AIEE 


AGNETIC-AMPLIFIER push-pull circuits, as used 

with position-indicating synchrotransmission sys- 

tems, are supposed to have no output, if the input voltage is 

zero as a result of exact coincidence of alignment between 

the control-transformer rotor and the synchrogenerator 
rotor. 

It is required that fulfillment of this condition be inde- 
pendent of changes in magnitude and frequency of a-c line 
voltage, changes in ambient temperature, etc. 

The conventional way of applying magnetic amplifiers 
to such synchro systems consists in operating the magnetic- 
amplifier circuit directly from the same 60-cycle or 400- 
cycle power source from which the synchro system is ope- 
rated, connecting the input of the amplifier to the synchro- 
control transformer, and controlling a 2-phase induction- 
type reversible motor, geared to the control transformer, 
with the output of the amplifier. 

Since the magnetic amplifier is directly connected with 
the a-c line feeding the line phase of the motor, any unde- 
sired output caused by asymmetry zero-drift errors of the 
amplifier itself will cause the motor to operate exactly in 
the same way as the desired signal-proportional output 
does. 

Thus, the 2-phase motor, when operated in this way, 
is unable to discriminate between error-signal output and 
zero-drift output of the magnetic amplifier. 

It is well known that “asymmetry zero-drift errors” 
caused by actual deviations from perfect symmetry of the 
saturable-reactor and dry-disk rectifier components of 
magnetic-amplifier push-pull circuits may be reduced to 
certain specified values by using proper testing procedures 
for grading and matching of these components. However, 
limitation of such errors to sufficiently small values still 
represents a difficult problem in design and production of 
high-performance magnetic servo amplifiers. 

Asymmetry zero-drift errors can be eliminated by sup- 
plying the magnetic-amplifier push-pull circuit from a 
magnetic frequency multiplier producing an exact multiple 
of the frequency of the a-c line feeding directly both the line 
phase of the 2-phase motor and the synchro generator of 
the error-detecting system. 
a 400/1,200-cycle frequency tripler for this purpose, a 
carrier frequency of 1,200 or 2,400 cycles per second is 
applied to the output-circuit elements of the magnetic 
amplifier, while the line phase of the motor and the synchro- 
generator then are directly supplied from the 400-cycle 
power source. 

In this case, the 2-phase motor is able to discriminate 


For example, when employing 





Digest of paper 55-59, “Elimination of Asymmetry Zero-Drift Errors in Magnetic Servo 
Amplifiers,” recommended by the AIEE Committee on Magnetic Amplifiers and 
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between amplifier output values caused by application of 
400-cycle error voltages from the synchrocontrol transformer 
and those 1,200-cycle or 2,400-cycle output values, which 
may be caused by zero-drift errors produced by actual 
deviations from perfect symmetry of the saturable-reactor 
and rectifier components. 

Various single-phase and 3-phase types of magnetic 
frequency multipliers, preferably simple 60/180-cycle or 
400/1,200-cycle tripler circuits, operating with an efficiency 
of about 70 to 80 per cent and having a fundamental com- 
ponent distortion of output voltage in the order of 5 to 10 
per cent, have proved to be very suitable for use for this 
purpose. 

In order to determine the actual effect of fundamental 
component distortion, asymmetry zero-drift measurements 
on a closed-loop servo system containing a conventional 2- 
phase motor, a 2-stage half-wave magnetic servo amplifier, 
and a single-phase bridge-type 400/1,200-cycle magnetic 
frequency tripler with about 6 to 8 per cent fundamental 
component distortion have been made. Actual magnitude 
of zero-drift caused by excessively large deviations from 
symmetry of the magnetic amplifier components has been 
measured directly in the closed-loop system by observing 
the angular deflections of the shaft of the motor by means of 
a little mirror and a light beam, as conventionally used in 
mirror-type galvanometers. 

Actually, with fundamental component distortions in the 
order of 5 to 10 per cent of conventional types of magnetic 
frequency multipliers, even very large deviations from 
symmetry of the push-pull circuit components do not have 
any effect in this case on the angular position of the motor 
shaft. 

It is to be noted, however, that the application of a 
higher frequency carrier and operation of the magnetic 
servo amplifier as a real a-c amplifier does by no means 
decrease the well-known zero-drift effect of 
frequency pickup voltages injected into the input circuit of 
the amplifier. 

Such additional error voltages present, which may be 
caused by undesired capacitive currents or by uninten- 


any line- 


tional coupling effects, should be eliminated by careful 
electrostatic shielding and grounding of 
proper wiring design. 


windings and 

Of course, application of a higher frequency carrier for 
supplying the magnetic servo amplifier also offers other 
important advantages in so far as the operation of this 
amplifier becomes more efficient, and that its speed of 
response (and also the bandwidth of the closed-loop servo 
system) will be correspondingly increased. 

Finally, it may be stressed that magnetic amplifiers and 
magnetic frequency multipliers have almost unlimited life. 
Thus it is possible to seal both these components hermeti- 
cally in a single compact case. 
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INSTI STE RO TIVITTES 


Summer General Meeting Promises 


Diversified Program, Excellent Vacation 


AIEE’S 1955 SUMMER GENERAL 
Meeting promises a diversified technical 
program—54 sessions—plus an_ excellent 
opportunity for a New England vacation. 
This year’s Summer Meeting will be held at 
Swampscott, Mass., June 27—July 1, with 
headquarters at the New Ocean House. 
Swampscott is 15 miles north of Boston. 
The AIEE Lynn and Boston Sections, 
sponsors of the meeting, invite members to 
make reservations now for accommodations. 


Technical Sessions 


The 54 technical sessions and symposia are 
being planned by the Institute’s 40 technical 


432 


committees. In the Power Division, sessions 
are planned on insulated conductors, system 
engineering, relays, transmission and dis- 
tribution, power generation, protective de- 
vices, rotating machinery, switchgear, carrier 
current, and transformers. 

In the Communications Division, the 
following technical committees are planning 
sessions: Communication Switching Systems, 
Television and Aural Broadcasting, Radio 
Communications Systems, Wire Communica- 
tions Systems, and Telegraph Systems. 

Science and Electronics Division com- 
mittees are sponsoring sessions on: basic 
sciences, computers, infrared devices, elec- 
tronic circuitry, magnetic amplifiers, semi- 


Institute Activities 


conductors, instruments and measurements. 

In the Industry and General Applications 
Divisions, the following sessions are being 
organized: chemical, electrochemical and 
electrothermal applications, feedback con- 
trol systems, textile industry, industrial 
power systems, metallic rectifiers, and land 
transportation. 

General committees planning Sessions in- 
clude Committees on Management, Safety, 
and Code of Principles of ProfessionalConduct. 


Student Activities 


Monday, June 27, has been designated as 
the day for special student activities. Regis- 
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tration at the Student Membership Desk will 
take place in the morning, followed by at- 
tendance at the general session, and informal 
group meetings of student members. At 
noon students will be guests of the General 
Electric Company for a catered luncheon at 
the Measurements Laboratory. In the after- 
noon there will be a special technical session 
for students. There will also be a choice of 
participating in a scheduled trip or swim- 
ming. A dinner will be held in the evening 
at the Thomson Club, Nahant, Mass., 
(tickets $1.50), and a barn dance will be held 
at the New Ocean House. 


Ladies’ Program 


The Ladies’ Activities Committee has 
arranged a coffee hour every morning at 
9:00 a.m. On Monday, June 27, there will 
be a “Get Acquainted Tea;”’ Tuesday, a tour 
of Boston and lunch at the Massachusetts 
Institute of Technology; Wednesday, a tour 
of the Saugus Iron Works, and Marble- 
head, Mass., as well as visits to craft exhibits 
and bazaars. On Thursday, there will be a 
tour of Salem, Rockport, and the Hammond 
Castle, with lunch at Castle Hill. 


Banquet 


A highlight of the meeting will be the 
banquet on Wednesday evening, June 29. 


Reservations 


The Hotels Committee chairman, R. E. 
Franck, urges early reservations. Mail 
requests for reservations directly to the New 
Ocean House, Swampscott, Mass., and state 
that it is for the 1955 AIEE Summer General 
Meeting. In addition to the New Ocean 
House, hotel space has been reserved in the 
nearby towns of Lynn, Marblehead, and 
Salem, as well as some in Boston. Hotel 
rates at the New Ocean House range from 
$11.00 to $14.00 per day, including meals. 
For motel accommodations, contact R. E. 
Franck, General Electric Company, 40 
Federal Street, West Lynn, Mass. 


Committee Members 


M. A. Princi is general chairman of the 
Summer General Meeting Committee and 
Nicholas Stadfeld is Technical Program 
chairman. Assisting Mr. Princi are: C. W. 
Maloney, vice-chairman; J. R. MacIntyre, 
secretary; R. G. Slauer, treasurer; J. F. 
Archibald and E. K. Rohr, advisory; L. F. 
Cleveland, students; J. A. Cook, financial; 
J. R. Cornell, Jr., transportation; R. E. 
Franck, hotels; E. A. Harty, registration; 
P. H. Houser, sports; S. M. Osthagen, 
publicity; T. C. Sargent, entertainment- 
banquet; A. L. O’Banion, entertainment; 
A. M. Bjontegard, inspection trips; Mrs. 
M. A. Princi, ladies. 


AIEE Appliance Conference to Cover 


“The Trend to Built-In Appliances” 


THE MAJOR THEME of the sixth 
annual AIEE Appliance Technical Con- 
ference will be ‘‘The Trend to Built-in 
Appliances.” This year’s conference will 
be held in Cleveland, Ohio, May 23-24, 
with headquarters at the Hollenden Hotel. 
Last year about 220 engineers attended the 
conference, and it is hoped this year’s meet- 
ing will be as successful. 

Of particular interest should be a sym- 
posium on Monday, May 23. Helen 
Kendall, director of appliances and home 
care, Good Housekeeping magazine, plus a 
panel representing three manufacturers, a 
design firm, and a utility company will dis- 
cuss trends in appliance design with emphasis 
on built-in equipment. 

This year two movies will be presented: 
“The Cornell Kitchen” and “The Magic 
Link.” The first will be presented by Glenn 
Beyer, director of the Housing Research 
Center, Cornell University, and the second 
film is by the courtesy of Consolidated 
Edison of New York. 

The tentative technical program follows. 


May 23, Monday 


9:00 a.m. Registration 


10:00 a.m. Morning Session 


Welcome to Cleveland. J. L. Fuller, chairman, AIEE 
Cleveland Section 


Keynote Address. A Look into the Future. (Speaker 
to be announced) 
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Kitchen Layout Studies. Glenn Beyer, Cornell Uni- 
versity 


Movie: The Cornell Kitchen 


Installation and Service Considerations in Built-in 
Appliances. £. H. McNiece, Detroit Edison. 


1:30 p.m. Afternoon Session 


The Homemaker’s Viewpoint on Built-in Kitchens. 
Helen Kendall, Good Housekeeping Magazine 


Symposium: Trends in Appliance Design With 
Emphasis on Built-in Equipment. Helen Kendall and 
panel representing three manufacturers, a design firm, 
and a utility company 


Movie: The Magic Link 


May 24, Tuesday 


9:30 a.m. Morning Session 


The Effect of the Built-in Appliance Trend on Design 
and Installation. J. H. Robinson, Jr., General Electric 
Company 


Proposed Small Appliance Cooking Center. K. G. 
Smith, Globe American Corporation 


Aluminum in Appliances. 
General Electric Major Appliance Color. E. W. 


Harrison 


1:30 p.m. Afternoon Session 


Statistical Methods Applied to Automatic Washer 
Tests. C. H. Fuchs, Westinghouse Electric Corporation 


Flash-Type Steam Iron Design. B. B. Krammes, The 
Hoover Company 


Surface Emissivity as a Design Factor in Appliances. 
A. D. Smith, Westinghouse Electric Corporation 
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Future AIEE Meetings 


Middle Eastern District Meeting 
Deshler-Hilton Hotel, Columbus, 
Ohio 

May 4-6, 1955 

(Closing dates for TP* and DP+—closed) 


Electric Heating Conference 

LaSalle Hotel, Chicago, III. 

May 10-11, 1955 

(Final date for submitting papers—closed) 


AIEE-IAS-IRE-ISA Conference on 
Telemetering 

Morrison Hotel, Chicago, Il. 

May 18-20, 1955 

(Final date for submitting papers—closed) 


Domestic Appliance Conference 
Hotel Hollenden, Cleveland, Ohio 
May 23-25, 1955 

(Final date for submitting papers—closed) 


Electronic Components Conference 
Ambassador Hotel, Los Angeles, Calif. 
May 26-27, 1955 

(Final date for submitting papers—closed) 


AIEE-APS-AIME-CIT Conference 
on Magnetism and Magnetic Mate- 
rials 

William Penn Hotel, Pittsburgh, Pa. 
June 14-16, 1955 

(Final date for submitting papers—closed) 


1955 Summer General Meeting 
New Ocean House, Swampscott, 
Mass. 

June 27-July 1, 1955 

(Closing dates for TP and CP{—closed) 


Pacific General Meeting 

Butte, Mont. 

August 15-19, 1955 

(Closing dates for TP—May 16, CP— 
June 15) 


Petroleum Technical Conference 
Shamrock Hotel, Houston, Tex. 
September 12-14, 1955 

(Final date for submitting papers—June 13) 


AIEE-ISA Instrument Conference 
Shrine Auditorium, Los Angeles, Calif. 
September 12-16, 1955 

(Final date for submitting papers—June 13) 


AIEE-IRE 
Conference 
Rackham Memorial Auditorium, De- 
troit, Mich. 

September 28-29, 1955 

(Final date for submitting papers—June 28 ) 


Industrial Electronics 


1955 Fall General Meeting 

Morrison Hotel, Chicago, Ill. 
October 3-7, 1955 

(Closing dates for TP—June 6, CP— 
Aug. 3) 


Motor Applications and Problems 
in Heating and Cooling Conference 
St. Louis, Mo. 
October 18-20, 1955 
(Final date for submitting papers—July 18) 
*TP—tTransactions papers 
+DP—District papers 
~CP—Conference papers 











Magnetics Conference, June 14-16, 


To Be Sponsored by the Institute 


MAGNETISM and magnetic materials are 
the subjects to be discussed at the first 
Magnetics Conference sponsored by AIEE. 
Other sponsors are the American Institute of 
Mining and Metallurgical Engineers, the 
American Physical Society, and the Carnegie 
Institute of Technology. Both the con- 
ference and an exhibit will be held in the 
William Penn Hotel, Pittsburgh, Pa., June 
14-16. The purpose of this meeting is to 
bring together all those interested in basic and 
applied work on magnetism. 


Technical Sessions 


There will be six sessions covering the 
following subjects: magnetic materials, 
metallurgy of magnetic materials, mechanism 
of magnetization, application and manu- 
facturing of soft materials, permanent mag- 
nets, measurements and techniques, ferrites, 
and high-frequency switching and storage 
of information. Plans are to have presenta- 


tions of original and review papers varying in 
length from 5 to 30 minutes, on 2 days or 
more, and organized trips during one day 
to companies and institutions in the Pitts- 
burgh area. 

It is also planned to have 500- to 1,000- 
word abstracts of all talks distributed before 
the meeting. Time for presentation will be 
allotted on the basis of these abstracts. Pub- 
lication of the complete proceedings is under 
consideration. 

Dormitories have been made available by 
Carnegie Institute of Technology and a large 
lecture room by the Mellon Institute. 
Arrangements are being made by the Pitts- 
burgh sections of the societies, and working 
with the other societies is the Magnetics 
Subcommittee of AIEE’s Basic Sciences 
Committee. 

For information write A. C. Beiler, West- 
inghouse Electric Corporation, 2-F Materials 
Engineering Department, East Pittsburgh, Pa 


AIEE Farm Electrification Conference 


Enthusiastically Received in Chicago 


WHILE ELECTRIC POWER use, in gen- 
eral, will probably double in the next 10 years, 
the use of electric power on the farm may 
triple. This was pointed out at AIEE’s Farm 
Electrification Conference held at the Mor- 
rison Hotel in Chicago, Ill., March 8-10. 
The conference was enthusiastically attended 
by 211 persons from 23 states and Canada. 
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They represented electrical utilities, co- 
operatives, the U. S. Department of Agri- 
culture, Rural Electrification Administra- 
tion, electric equipment manufacturers, 
Underwriters’ Laboratory, research organ- 
izations, and college agricultural engineering 
departments. 

Emphasis was on the knowledge that farm 
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A “‘new look” is coming to Pittsburgh, Pa. 

Federal, state, city, and business interests 

have joined in a $1,500,000,000 project 

to transform the downtown area, to be 

completed next year. Visitors to the 

Magnetics Conference will be able to see 
many of these changes. 


prices are not expected to increase to any 
great extent in the future. Therefore, in 
order to survive, the farmer must lower his 
costs through more efficient use of electric 
energy. Latest information about use of 
electricity on present poultry, dairy, and 
livestock farms was presented, and past, 
present, and future aspects of farm electri- 
fication were also discussed. 

The inspection trip, attended by 67 con- 
ferees, was to two modern electrified farms 
with total connected loads in the size of 40— 
45 kw. These farms were chosen rather 
than model farms in the area because they 
represented actual working farms. 

Discussions following each speaker’s pres- 
entation had more than normal participa- 
tion on the part of conference members, and 
the panel on “Serving Heavy Loads for 
Poultry and Livestock Farms” was out- 
standing in this regard. 





Annual Meeting 


The annual meeting of the American 
Institute of Electrical Engineers will be 
held in Swampscott, Mass., at 10:00 
a.m., Monday, June 27, 1955, during 
the Summer General Meeting. 

At this meeting the annual report of 
the Board of Directors and the reports of 
the Committee of Tellers on the ballots 
cast for the election of officers and for 
tHe proposed amendments to the AIEE 
Constitution will be presented. The 
Lamme Medal will be presented to 
A. M. deBellis (M ’33, F ’48). 

Such other business, if any, as may 
properly come before the annual meet- 
ing may be considered. 


Signed N. S. HIBSHMAN 


Secretary 
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Engineers Joint Council Issues 


Annual Report of Activities for 1954 


THE ANNUAL REPORT for 1954 in which 
the year’s activities are summarized, was re- 
cently issued by the Engineers Joint Council 
(EJC). The report also includes the EJC 
constitution, bylaws, directory, and a list of 
the Council’s committees for 1955. The 
organization of EJC and its development was 
discussed in an article in Electrical Engineering, 
May 1954, (pages 406~11), and a list of the 
officers and executive committee will be 
found on page 437 of this issue of Electrical 
Engineering. 

Changes in the secretariat took place in 
1954. T. A. Marshall, Jr., resigned as 
secretary as of April 1954, and was succeeded 
by Brigadier General S. E. Reimel on a 
part-time basis. E. P. Lange was appointed 
assistant secretary in May 1954 and became 
secretary on April 1, 1955. General Reimel 
become secretary of the EJC Committee on 
International Relations. 

During 1954 the EJC constitution was 


amended by providing for nonvoting mem- 
bership of societies having less than 5,000 
members but otherwise meeting full member- 
ship requirements, and also for affiliation of 
regional societies and federations of societies 
meeting certain requirements. 

During the year two new activities were 
started. One was the beginning of work on a 
**Finders’ List’? of engineers for the National 
Scientific Register, supported by a grant 
from the National Science Foundation. 
The other was the establishment of an 
Operating Committee on Nuclear Engineer- 
ing to provide a means for effective co- 
ordination of the separate interests of so- 
cieties in the field. A Congress on Nuclear 
Engineering is planned under EJC auspices 


later this year. 


Anyone interested in further details of 
the EJC report may obtain copies from En- 
gineers Joint Council, 29 West 39th Street, 
New York 18, N. Y. 


AIEE’s Pacific General Meeting Offers 


Technical Program, Western Entertainment 


THE INSTITUTBE’S Pacific General Meeting 
to be held at Butte, Mont., this year promises 
to be a rare combination—technology and 
western-style entertainment. The meeting 
is scheduled for August 15-18 with head- 


quarters at the Hotel Finlen. Trips are 
planned to electrical installations, a copper 
mine, the world’s largest copper smelter, to 
Lewis and Clark Cavern, and to ghost gold- 
mining towns. And, fishing and picnicking 


COMMITTEE CHAIRMEN for AIEE’s Pacific General Meeting are (front row, left to right): 
Dean E. W. Schilling, R. C. Setterstrom, Mrs. C. A. Champ, W. H. Mott, and W. H. Blank- 


meyer. (Back row, left to right): 


Labrie, and R. C. Nealey. Absent from picture: 


May 1955 


N. V. Anderson, R. J. Carlson, D. E. Kampschor, R. J. 


Mrs. W. H. Mott and Dales Schekles. 
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are considered ‘‘tops” along the many lakes 
and streams. Golfers, too, will enjoy th« 
Butte Country Club. Those who plan to 
drive to the meeting can schedule visits to 
Glacier or Yellowstone Park as part of a 
combination AIEE meeting and vacation. 


Reservations 


All hotel, motel, and dude ranch reserva- 
tions will be handled by the committee. 
Dude ranches are about an 
away—close enough to attend technical 
meetings and still live in western surround- 
ings. R. J. Labrie, chairman of the Hotel 
Committee, asks the help of all delegates who 
are sure to attend the meeting by letting him 
know of their minimum room requirements 
at the earliest possible date. Because of 
limited hotel facilities in Butte, early know]l- 
edge of registration and reservation require-~ 
ments will assist the committee in making 
adequate preparation. Write to R. 
Labrie, Hotel Committee Chairman, 272! 
St. Ann Street, Butte, Mont. 


hour’s drive 


Deadlines Set for Aircraft 
Equipment Conference Papers 


A special technical conference on aireraft 
electrical applications will be held at the 
Biltmore Hotel, Los Angeles, Calif., October 
11-13, 1955. F. L. Lyons of Northrop Air- 
craft, Inc., Hawthorne, Calif., has 
appointed chairman of the conference, and 
T. B. Holliday, 248 Arlington Avenue, 
Elmhurst, Ill., is in charge of the technical 
program. The deadline for Transactions papers 
is July 11, to be received at AIEE head- 
quarters, 33 W. 39th Street, New York, N. Y. 
It is planned that all papers will be bound 
together and be made available at the con- 
ference. To accomplish this, conference 
papers must also be received in reproducible 
form no later than August 11. 


been 


Former Baton Rouge Subsection 
Is Now Chartered AIEE Section 


AIEE’s Board of Directors has authorized 
formation of the Baton Rouge, La., Section. 
This brings the total number of Sections to 
107. The new Section was formerly a Sub- 
section of the New Orleans Section. E. H. 
Coxe, power supervisor, Ethyl Corporation, 
Baton Rouge, is chairman, and J. W, 
Elder, also of Ethyl, is secretary. 


Travel Plans Considered for 
World Power Conference 


Engineers Joint Council (EJC) has an» 
nounced that a travel agency will be selected 
soon in connection with the Fifth World 
Power Conference to be held in Vienna, 
Austria, June 17-23, 1956. Those planning 
to travel by ship are urged to send in their 
requests early. 

EJC headquarters are at 29 West 39th 
Street, New York 18, N. Y. 
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AIEE Middle Eastern District Meeting Set for May 4-6 


THE MIDDLE EASTERN DISTRICT MEETING COMMITTEE (left) has G. R. Tamblin, co-ordinating secretary; C. K. Bishop, special 
arranged a varied technical and social program to take place at the meetings. Also on the committee, but not in the picture, are: G. M. 
Deshler-Hilton Hotel in Columbus, Ohio, May 4-6. (See April L. Sommerman, honorary ‘general chairman; R. C. McMaster, 
Electrical Engineering for program and meeting details.) Seated advisory; N. J. Greene, finance; and D. E. Stafford, treasurer. 
left to right: L. M. Moore, administration; P. L. Gilmore, Jr., Picture at right shows the control and instrument panel of the electric 
entertainment; E. E. Dreese, technical program; E. K. McCoy, transmission loss penalty factor computer installed in the American 
general chairman; J. W. Cade, arrangements. Standing left to Gas and Electric System’s production co-ordination office. American 
right: N. A. Smith, student meeting; E. O. Wolden, publicity; Gas and Electric is on the list of tours for those attending the meeting. 





AIEE Member Wins Award 


AWARD OF MERIT was given to AIEE member Nelson Tillman Kinzly (right) at a dinner 
meeting held by 11 Nashville, Tenn., sections of engineering societies, February 23. The 
first R. Paul Farrell Award of Merit was a surprise feature of the meeting and was presented 
by the Nashville chapter of the Tennessee Society of Professional Engineers (TSPE). Mr. 
Kinzly, distribution superintendent, Nashville Electric Service, received the award “‘in recog- 
nition of his outstanding achievements in professional and community service in the field of 
engineering.”” W.H. Mann, chairman of TSPE’s Nashville chapter, made the presentation. 
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Central Indiana Section Sponsors 
Annual Student Paper Competition 


The Annual Prize Paper Competition 
between students of Rose Polytechnic Insti- 
tute and Purdue University was held at 
Purdue, March 10. The contest was 
sponsored by AIEE’s Central Indiana 
Section. Wade Morris of Purdue won 
first-place honors for his paper, ‘‘Silicones.” 
Kenneth Gross of Rose Polytechnic, James 
Meditch of Purdue, and B. L. Kellam, Rose 
Polytechnic, were runners-up, in that order. 

Student members were guests of the Sec- 
tion at a dinner preceding the meeting. C. 
M. Summers, AIEE Vice-President, Great 
Lakes District, was speaker. 

New officers of the Section (1955-56) 
are: E. E. Sterner, chairman; R. A. Road, 
first vice-chairman; J. R. Wark, second vice- 
chairman; T. W. Metz, secretary-treasurer. 
Executive committee members are: H. W. 
Hale, R. D. Strum, and R. H. Jordan. 


ECPD Publishes Papers on 
Training in Modern Industry 


Four papers on orientation and training in 
modern industry are available in a publica- 
tion of the proceedings of the 22d Annual 
Meeting of the Engineers’ Council for Pro- 
fessional Development (ECPD). These 
papers were presented by representatives of 
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four industrial firms that have participated in 
the pilot study of the ECPD program known 
as, “‘The First Five Years of Professional 
Development.” 

Also included in the publication is an 
introduction to the question of professional 
industrial training by AIEE President A. C. 
Monteith. 

There is a copy of the brochure describing 
the program for young graduate engineers 
during the “‘First Five Years” and a copy of 
the brochure reporting on ““The Community 
Project in Professional Development”? which 
has been studied recently in Cincinnati, Ohio. 
Copies of this publication are available by ad- 
dressing the ECPD Committee on Professional 
Training, 322 Baldwin Hall, Cincinnati 21, 
Ohio. 


Engineers, Architects Conference 
Set for May 6 at Ohio State 


The Second Annual Conference for 
Engineers and Architects will be held May 6, 
1955, at the Ohio State University, Colum- 
bus. John C. Sharp, president of the Hot- 
point Company, and General Curtis E. 
LeMay will be main speakers at the general 
session and noon banquet, respectively. 
University engineering departments sponsor- 
ing sessions include: electrical, aeronautical, 
agricultural, ceramic, chemical, civil, draw- 
ing, mechanics, industrial, mechanical, met- 
allurgical, mining and petroleum, and 
welding. 

Gordon B. Carson, director of the con- 
ference, urges advance registration. Hotel 
reservations may be made directly with 
the Deshler-Hilton Hotel, Neil House, or 
Fort Hayes Hotel. The conference com- 
mittee will make reservations if asked to do 
so with advanced registration. Also, motels 
are located on U. S. 40, on East Main, 
and West Broad Streets. If such reserva- 
tions are desired, these may be secured 
directly with the motel upon arrival. 


Dr. Thorndike Saville 
Re-elected President of EJC 


Dr. Thorndike Saville, dean of the College 
of Engineering at New York University, has 
been re-elected president of the Engineers 
Joint Council (EJC) for 1955. Dr. Saville 
is a past president of the American Society 
for Engineering Education and past director 
of the American Society of Civil Engineers, 
Elected vice-president was Edgar J. Kates, 
consulting engineer of New York City. Mr. 
Kates, a Fellow of The American Society of 
Mechanical Engineers, was a director-at- 
large of that society from 1945 to 1949, and 
and since 1949 he has been assistant treasurer. 

The new executive committee consists of 
Dr. Saville, Mr. Kates, and the following 
engineering society representatives: C. S. 
Proctor, American Society of Civil Engineers; 
L. F. Reinartz, American Institute of Mining 
and Metallurgical Engineers; W. W. Brush, 
American Water Works Association; B. W. 
Morton, AIEE; L. R. Sanford, Society of 
Naval Architects and Marine Engineers; 
and ¥. J. Van Antwerpen, American In- 
stitute of Chemical Engineers. 
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Michigan Section Proves Active 





COMMUNICATIONS TECHNICAL GROUP meeting of the AIEE Michigan Section was held at 
The Detroit Edison Company, January 26. The panel above discussed applications of tele- 
phone circuits, microwave, carrier current, and mobile radio in the operation of a utility 
system. Seated left to right: V.R. Owens, T. P. Rykals, R. A. Dage. Standing: F. L. 
Burge and F. L. Taylor. Below is picture taken at a Section meeting. 





THE TENNESSEE VALLEY AUTHORITY (TVA) power program was the topic of Brigadier Gen- 
eral H. D. Vogel (second from left) at the Michigan Section’s March 15 meeting. General 
Vogel is chairman of the board of directors of the TVA. H.R. Armstrong, secretary-treas- 
urer of the Section, is to the left of General Vogel. To the general’s right are Walker Cisler, 
president of The Detroit Edison Company, and Professor J. J. Carey, Section chairman. 
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Electric Heating Conference 
To Be Held May 10-11 in Chicago 


AIEE’s Electric Heating Conference will 
be held May 10 and 11 in Chicago, IIL, 
with headquarters at the La Salle Hotel. 
Eighteen papers on subjects to interest 
everyone in the industrial heating field will 
be featured at the meeting. 

Dr. Hubert N. Alyea, professor of chem- 
istry, Princeton University, will present the 
banquet address on May 10. His subject 
will be ‘Atomic Energy—Weapon for 
Peace.” 

The welcoming address will be given by 
Harold R. Heckendorn, assistant super- 
intendent, manufacturing engineering, West- 
ern Electric Company, Chicago, Ill. Harold 
Bunte of Commonwealth Edison Company, 
and chairman of the AIEE Committee on 
Electric Heating, will preside at the opening 
session, May 10. For the tentative program 
see page 345 of the April Electrical Engineering. 


Union College Branch Is 
Host for Joint AIEE Meeting 


It has been the annual custom of the 
Schenectady Section of AIEE to hold a joint 
meeting with the Student Branches of Union 
College and Rensselaer Polytechnic Institute 
(RPI). This year, on February 16, Union 
College was host for the meeting. 

Francis Wise, chairman of the Union Col- 
lege Branch, presided and opened the meet- 
ing with the introduction of the department 
head and professors of electrical engineering 
at Union, the officers of the Union College 
Branch, and the guests from RPI.. Highlight 
of the meeting was a talk by E. W. 
Colehower, design engineer for the Glenn 
L. Martin Aircraft Company, the title of his 
presentation being “Aircraft Electrical Sys- 
tems.”” Mr. Colehower’s talk, illustrated 
with slides, was centered around aircraft 
generation, distribution, and utilization sys- 
tems, as well as recent advances, problems, 
and future developments along these lines. 


EJC Elects New Constituent 
Society and First Associate 


Engineers Joint Council (EJC) has an- 
nounced at its headquarters in New York, 
N. Y., the election of The American Society 
of Refrigerating Engineers as a constituent 
society. The election of the American 
Institute of Industrial Engineers as an asso- 
ciate, the first organization to become an 
EJC associate, has also béen announced. 
EJC now has nine constituent societies with a 
total membership of more than 196,000, 

The Council has been taking steps toward 
increasing the unity of the engineering pro- 
A total membership of at least 
5,000 is required of a national organization to 
qualify for constituent membership. The 
American Society of Refrigerating Engineers, 
which has headquarters in New York, N. Y., 
has more than 6,200 members. A recent 
constitutional amendment permits EJC to 
admit as associates national organizations of 


fession. 
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Conference Papers Open for Discussion 


Conference papers listed below have been accepted for AIEE Transactions and are 
now open for written discussion until May 30. Duplicate double-spaced typewritten 
copies of each discussion should be sent to Edward C. Day, Assistant Secretary for 
Technical Papers, American Institute of Electrical Engineers, 33 West 39th Street, 
New York 18, N. Y., on or before May 30. 


55-71 
55-143 


Voltage Gain of a Resonant Dielectric Amplifier. Sack and Penney. 
Directional Relays Provide Differential-Type Protection on Large In- 
dustrial Plant Power System. Gilbert and Bell. 

A Polar Relay Using Momentum Transfer. Garbarino and Bisshopp. 
Temperature Errors in a Dragmagnet Eddy-Current Disk Type of 
Tachometer Indicator. Akeley and Fraizer. 

Manufacturer’s Research in Relation to Electrical Utilities. 
Baird. 


55-175 
55-242 


55-245 Parker and 


Preprints may be purchased at 30¢ each to members, 60¢ each to nonmembers, if 
accompanied by remittance or coupons. Please order by number and send remittance 
to: 


AIEE Order Department 
33 West 39th Street, New York 18, N. Y. 
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Memphis Members See Wave Demonstrator 


MECHANICAL WAVE DEMONSTRATOR was seen by members at the February 15 meeting 
of AIEE’s Memphis Section. Miles Maxwell (second from left), used the demon- 
strator to support his talk, ““Mechanical Demonstration of Traveling Waves.” He is electric 
utility engineer for the Westinghouse Electric Corporation in East Pittsburgh, Pa. Various 
basic voltage wave reactions encountered in power distribution systems were illustrated by 
the machine. These voltage wave reactions, caused by lightning and switching surges, he 
said, were responsible for more costly damage to electric equipment than any other factor. 
Others shown are John Thrithart (left), Section chairman, and Claude Young (right), secretary, 
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less than 5,000 members. The American 
Institute of Industrial Engineers has some 
3,000 members. Its headquarters are in 
Columbus, Ohio. 


Red River Valley Division 
Establishes Two Scholarships 


The Red River Valley Division of the 
AIEE Minnesota Section has established two 
scholarships in memory of Max R. Hughes, 
AIEE member and a prominent engineer in 
North Dakota. (Obituary of Mr. Hughes 
will appear in June Electrical Engineering.) 

These scholarships are known as the Max 
R. Hughes Memorial Scholarships to be pre- 
sented to the outstanding seniors in electrical 
engineering at the North Dakota State Col- 
lege, Fargo, and the University of North 
Dakota, Grand Forks. They have a value of 
$75.00 each. Recipients for next year are 
Arthur G. Link at the State College and 
John M. Risan at the University. 


Edward Hodges Robie Retires 
As Secretary of the AIME 


Edward Hodges Robie, secretary of the 
American Institute of Mining and Metal- 
turgical Engineers (AIME) since 1949, has 
retired from the secretaryship to become 
secretary emeritus. He will also serve as 
secretary pro tem of the Mining Branch of the 
institute. Ernest Kirkendall has _ been 
officially appointed to succeed Mr. Robie. 

Prior to becoming secretary of the 
AIME, he was assistant secretary and 
editor of Mining Engineering. He has also 
worked with the Canadian Copper Com- 
pany, International Nickel Company, and 
Harrison Safety Boiler Works. 

Mr. Robie was born in Whitney Point, 
N. Y., November 30, 1886. He graduated 
from Western High School, Washington, 
D. C., in 1906, attended Cornell University 
from 1907-08, and obtained his bachelor’s 
degree in chemical engineering from the 
University of Michigan in 1911. 


COMMITTEE 
ACTIVITIES 


Editor’s Note: This department has been created 
for the convenience of the various AIEE technical 
committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Head- 
quarters, 33 West 39th Street, New York 18, N. Y. 


General Applications Division 


Committee on Air Transportation (W. L. 
Berry, Chairman; L. R. Larson, Vice-Chairman; 
Peter Duyan, Jr., Secretary). At present five 
subcommittees are writing Standard Test 
Codes and Guide Reports for use in the air- 
craft industry. The Aircraft Industries 


May 1955 








AIEE and IES Sections Cosponsor Meeting 


MORE THAN 300 ATTENDED a recent program sponsored by AIEE’s Los Angeles Section 


and the Illuminating Engineering Society’s Southern California Section. 


At a dinner 


meeting prior to the program, 160 persons were present (see above). Chief speaker at the 
dinner meeting was D. P. Caverly who spoke on “Six Key Lighting Jobs.” He described 
lighting installations pioneering distinct stages in lighting trends. 





New Hampshire Section Meets 


VICE-PRESIDENT G. J. Crowdes, 


Perry Ware, guest speaker, Sec- 


tion Chairman R. W. Hunt, and Program Chairman S. A. Clark (left 
to right), were photographed during the January 5 meeting of the 


New Hampshire Section. 


Mr. Ware, head of the electrical laboratory 


for Simplex Wire and Cable Company, spoke on “Some Properties 


of New Insulations.”’ 


Some of the problems involved in the use of 


synthetics and plastics were discussed as a phase of the subject. 





Association has officially endorsed the 
following AIEE Standards: AIEE 700— 
Aircraft D-C Voltage Ratings; AIEE 
800—Test Code for D-C Aircraft Ma- 
chines; AIEE 807—Test Code for Aircraft 
Circuit Interrupting Devices; AIEE 750— 
Aircraft Electrical Systems Guide; and the 
proposed Test Code for D-C Carbon 
Pile Regulators, which is now published 
on a 1-year trial basis. 

Also, C. G. Martin has been appointed 
chairman of the Subcommittee on Rating of 
Airborne Electrical Apparatus. 
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Committee on . Marine Transportation 
(W. E. Jacobson, Chairman; J. E. Jones, Vice- 
Chairman; W. N. Zippler, Secretary). The 
committee held a meeting on October 5, 
1954, which was attended by G. W. Watson, 
chief engineer, Lloyd’s Register of Shipping, 
and A. R. ,Gatewood, chief engineering 
surveyor, American Bureau of Shipping. 
Mr. Watson is the liaison representative to 
the Institution of Electrical Engineers, 
London, England. 

Principal business at the meeting was 
discussion of differences in British and Amer- 
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ican marine practice for the promotion of 
harmony and, if practicable, eventual 
standardization. No specific action was 
taken, but it is believed considerable progress 
was made. Another committee meeting for 
routine procedure will be held this spring. 
The 1954 edition of Standard No. 45, 
Recommended Practice for Electrical In- 
stallation on Shipboard, has been printed 
and is now available. This new edition 
incorporates all the additions and revisions 
approved by the Committee on Marine 
Transportation to the end of 1954. 


Communication Division 


Committee on Telegraph Systems (E. F. 
Watson, Chairman; F. H. Cusack, Vice- 
Chairman; R. B. Shanck, Secretary). A meet- 
ing of this committee was held February 17 
in connection with the AIEE Winter 
General Meeting in New York, N. Y. 
Plans for future activities were discussed and 
subjects for technical papers for the coming 
year were considered. 


Consideration was also given to the sub- 
committee undertaking work to standardize 
testing procedures, including criteria and 
types of data needed to evaluate trans- 
mission characteristics of telegraphic sending 
and receiving devices. Main points to 
be covered would be the quality or accuracy. 
of signals sent from a start-stop sending de- 
vice, and the tolerances of a start-stop 
receiving device for recording distorted 
signals correctly. 


Power Division 


Committee on Substations (J. S. Menden- 
hall, Chairman; W. S. Scheering, Vice-Chair- 
man; J. A. Smith, Secretary. The committee 
is starting a new project on fire protection 
and fire proofing of substations. This proj- 
ect should be of great benefit to utility 
engineers and others concerned with fire 
protection. 

The committee also plans to conduct a 
meeting for the discussion on the subject, 
“Future Trends in Substations.” It will be 
held in Chicago, Ill., probably next fall. 


AIEE FELLOWS ELECTED.. 


Board of Directors Meeting, February 3, 1955 


Kenneth R. Brown (AM °30, M ’41), 
owner Brown Engineering Company, Des 
Moines, Iowa, has been transferred to the 
grade of Fellow in the AIEE “for contribu- 
tions to the development and _ technical 
integration of electric utilities and to pro- 
tection of transformers on rural systems.” 
Mr. Brown was born in Rock Falls, IIl., 
February 27, 1904, and received his educa- 
tion at the University of Illinois. After ex- 
perience with the Illinois Northern Utilities 
Company, Dixon, as junior engineer, and 


with Spooner and Merrill, consulting en- 
gineers, Chicago, IIl., he was associated with 
the Rockford Electric Company. This is 
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now the Central Illinois Electric and Gas 
Company. He became superintendent of 
distribution and head of the engineering 
department, in which position he was re- 
sponsible for design and supervision of all 
utility construction. He opened an office 
for private practice in Rockford, IIl., in 1932. 
He designed and supervised construction on 
a wide variety of engineering works for clients. 
He became chief engineer of the Iowa Farm 
Bureau Federation, Des Moines, in 1936. 
He initiated and supervised the engineering 
activities of the Federation mainly along 
lines of drainage, flood protection, conserva- 
tion, etc. During this period he was pri- 
marily engaged in rural electrification. He 
has also made major contributions leading to 
the Iowa Grid, a state-wide system of trans- 
mission lines and power stations now under 
development in Iowa. He is a registered 
professional engineer by examination in 
Iowa, and by reciprocity in __ Illinois, 
Nebraska, South Dakota, and Oregon. He 
is a member of the American Concrete In- 
stitute, American Society of Agricultural 
Engineers, American Society for Testing 
Materials, and the Iowa Engineering Society. 
His 3'/, years’ war service included a year in 
the European Theatre successively as bat- 
talion executive, battalion commander, 
and group commander. He has also re- 
ceived the Bronze Star Medal and was re- 
cently retired as a lieutenant colonel of the 
Organized Reserve Corps. 


Charles F. Savage (AM 735, M ’43), con- 
sultant, professional relations, General Elec- 
tric Company, New York, N. Y., has been 
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transferred to the grade of Fellow in AIEE 
“for his contributions to the design and de- 
velopment of electrical instrumentation.” 
Mr. Savage was born in Maywood, IIL., 
February 24, 1906, and obtained his bachelor 
of science degree in electrical engineering in 
1928 from Oregon State College. After 
graduation he joined General Electric’s test 
program in Schenectady, N. Y. During 
1931-33 he designed watt-hour meters, high- 
voltage insulations, ampere hour meters, and 
also did portable test standards. He entered 
the meter and instrument department in 1933 
as materials and process engineer. There he 
was responsible for recommendation and 
application of finishes, insulations, metal- 
lurgy, to watt-hour meters, instruments, time 


C, F. Savage 


switches, etc. Development, as well as 
application, was involved. He later super- 
vised the chemical and metallurgical labora- 
tories. From 1939-40 Mr. Savage was divi- 
sion engineer, time switches, in the meter and 
instrument department. He was responsible 
for development, design, and placement in 
production of entire lines of switches. In 
July of 1940 he became division engineer, 
aircraft instruments, in the same department. 
There he was responsible for development, 
design, and production engineering for entire 
lines of aircraft instruments. These included 
engine, flight, and navigation instruments. 
Electric indicating gyros were a valuable 
contribution. This was a multimillion dollar 
operation with a large number of engineers 
and drafts directly under supervision. In 
addition to his duties as division engineer, 
aircraft instruments, he became technical 
assistant to the engineering manager. This 
involved responsibilities in areas of transition 
to peace-time products and increased work in 
the field of administration and personnel. 
From 1947-53 he was assistant to the engi- 
neering manager, meter and instrument de- 
partment; from 1953-54, manager of engi- 
neering administrative service; and from 
1954 to the present, consultant, professional 
relations, Engineering Services Division, 
engineering personnel department, General 
Electric Company. He is author of a number 
of technical papers and his other member- 
ships include the Institute of Aeronautical 
Sciences, Tau Beta Pi, Eta Kappa Nu, and 
the National Society of Professional Engi- 
neers. He has worked on AIEE’s Instru- 
ments and Measurements Committee (1947, 
1949-55). 
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AIEE PERSONALITIES..... 


A. M. deBellis to Be 
Awarded Lamme Medal for 1954 


Aldo M. deBellis (M °33, F °48), assistant 
electrical engineer, Consolidated Edison 
Company of New York, Inc., New York, 
N. Y., has been awarded the AIEE Lamme 
Medal for 1954 “‘for his contributions to the 
design and development of power station 
equipment, especially air-insulated phase- 
isolated metal-clad high-voltage bus struc- 
tures and disconnecting switches.” Mr. 





A. M. deBellis 


deBellis was born in Genoa, Italy, on Janu- 
ary 16, 1891, and was educated at the Perugia 
Institute, the University of Rome, and at the 
Brooklyn Polytechnic Institute where from 
1913 to 1917 he attended the evening school 
in electrical engineering. In 1913, shortly 
after coming to the United States, he began 
work as a draftsman with the then New 
York Edison Company and in 1916 trans- 
ferred to the Interborough Rapid Transit 
Company of the City of New York as assistant 
engineer. When the United States entered 
World War I, Mr. deBellis enlisted in the 
U. S. Navy and saw duty in foreign waters 
from early 1918 until late 1919, at which 
time he became associated with Stone and 
Webster Engineering Corporation, Boston, 
Mass. In 1920 he returned to the New York 
Edison Company and when the metropolitan 
companies were combined into Consolidated 
Edison Company in 1937 he became assistant 
inside plant engineer and later, inside plant 
engineer. He was appointed assistant electri- 
cal engineer of the company in 1952. For 
the last 35 years Mr. deBellis has been closely 
associated with the electrical design of 
generating stations and substations to which 
he has contributed many basic improve- 
ments. More recently he has contributed to 
the development of higher distribution volt- 
ages for New York City. He holds patents on 
electric equipment and has been the author 
and coauthor of many technical papers which 
have been presented before the AIEE and 
the Edison Electric Institute (EEI). Mr. 
deBellis is one of the authors of the “‘Standard 
Handbook for Electrical Engineers’’ and is a 
licensed professional engineer in the State of 
New York. He has served the AIEE as a 
member of the Automatic Stations Commit- 
tee (1937-43); the Electrical Machinery 
Committee (1943-46); Subcommittee on 
Insulation Resistance (Chairman, 1945-46); 
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and the American Standards Association 
Sectional Committee on Preferred Voltages, 
100 Volts and Under (1947-55). He has 
also served on the EEI Electrical Equipment 
Committee (1946-55, Chairman, 1952-54); 
the Association of Edison Illuminating Com- 
panies Committee on Electric Switching and 
Switchgear (1946-1954); and two Interna- 
tional Electrotechnical Commission Com- 
mittees on Standard Voltages, Currents and 
Frequencies (1951-55). 


C. M. Lathrop (AM ’43), assistant division 
head, engineering department, Standard Oil 
Development Company, Linden, N. J., has 
been appointed as a supervising engineer in 
the Design Division. This is one of many 
changes announced by the Standard Oil 
Development Company resulting from 
changes in the organization of the Esso engi- 
neering department. This department has 
been discontinued and its responsibilities 
assumed by three divisions. Mr. Byrne, a 
native of Massachusetts, received both his 
bachelor’s and master’s degrees at Massa- 
chusetts Institute of Technology, and taught 
chemical engineering at the University of 
Notre Dame. After several years with the 
American Gas and Electric Company, he 


joined the present Esso Standard Oil Com- 


pany in 1927 at Baton Rouge, La. He 
served as chief engineer of the Hydro Engi- 
neering and Chemical Company for over 
2 years after which he joined the Develop- 
ment Company as a supervisor. He then 
became a member of Lago Oil and Trans- 
port Company, Ltd., where he served as as- 
sistant general superintendent of the Aruba 
refinery. Returning to Standard Oil De- 
velopment Company in 1937, he was ap- 
pointed assistant chief process engineer. He 
was later appointed assistant chief engineer 
and associate chief engineer. He spent some 
time in Germany in the early 1930’s on an 
assignment concerning the hydrogenation 
process. During World War II, he was 
assistant director of refining with the 
Petroleum Administration for War in Wash- 
ington, D. C. He is a member of the Ameri- 
can Chemical Society, the American Petro- 
leum Institute, and the American Society for 
Engineering Education. He is on the AIEE 
Industrial Power Systems Committee (1947, 
1949-55). 


D. B. Sinclair (M °45, F 51), chief engineer, 
General Radio Company, Cambridge, Mass., 
has been named vice-president for engineer- 
ing, General Radio Company. Dr. Sinclair 


joined the company in 1936, after receiving 


his doctor of science degree from Massachu- 
setts Institute of Technology. He has served 
the company as engineer, assistant chief en- 
gineer, and since 1949, as chief engineer. 
During World War II, he was associated 
with the National Defense Research Com- 
mittee program, working on radar counter- 
measures and guided missiles. For his work 
overseas on the former project, he received 
the President’s Certificate of Merit. He is a 
member of the Institute of Radio Engineers 
(IRE), the American Association for the Ad- 
vancement of Science, and of Sigma Xi, 
honorary scientific fraternity. He has served 
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on the following AIEE Committees: Instru- 
ments and Measurements (1948-50); Joint 
AIEE-IRE Co-ordination Committee (1953- 
55). 


A. R. Teasdale, Jr. (AM °43, M ’50), 
specialist in servomechanisms and automatic 
controls and a faculty member of Southern 
Methodist University, Dallas, Tex., has 
joined Temco Aircraft Corporation’s engi- 
neering department as chief of electronic de- 
sign. In his new position, he supervises de- 
sign and installation of electronic systems, 
reporting to the technical director of systems 
design. Teasdale was graduated from high 
school in Austin, Tex. He received a bache- 
lor of science degree in electrical engineering 
from the University of Texas in 1942 and 
joined the General Electric Company, 
Schenectady, N. Y., as a test engineer. Later 
that year he qualified for General Electric’s 
advanced engineering program. He was 
graduated from the advanced course in 1946, 
and supervised portions of the same program 
until 1947. He joined the University of 
Texas Engineering Department faculty late 
in 1947, first as an assistant professor, then as 
associate professor of electrical engineering. 
In 1948 he was assigned as a research engi- 
neer on the staff of the university’s defense 
research laboratory. Teasdale received his 
master’s degree in electrical engineering in 
1950 at the University of Texas. He con- 
tinued research work and teaching at the 
university until 1951 when he joined Con- 
vair Corporation’s Fort Worth Division as a 
design specialist in automatic controls. Early 
in 1954 he was promoted to aerophysics 
group engineer, the position he held when he 
left to joint Temco. Since 1951, when he 
moved to the Dallas-Fort Worth area, Teas- 
dale has been a graduate lecturer in electrical 
engineering at Southern Methodist Uni- 
versity. He has written a number of tech- 
nical papers, most of which deal with classi- 
fied subjects. He also holds memberships in 
Tau Beta Pi, honorary society of engineers; 
Eta Kappa Nu, electrical engineers’ honorary 
society; and Rho Epsilon Delta, a society 
composed of honor graduates of General 
Electric’s advanced engineering program. 
He is also a member of the Institute of 
Radio Engineers and the Institute of Aero- 
nautical Sciences. Mr. Teasdale’s AIEE 
committee work is with the Feedback Con- 
trol Systems Committee (1952-55). 


R. A. Ramey, Jr. (M 751), manager of the 
magnetic development section of the ma- 
terials engineering department of the West- 


_inghouse Electric Corporation, Pittsburgh, 


Pa., has been appointed visiting Webster 
professor of electrical engineering at the 
Massachusetts Institute of Technology (MIT), 
for the second semester of the current aca- 
demic year. The Webster chair of electri- 
cal engineering at MIT was established in 
1952 under a grant of $400,000 from the Ed- 
win Sibley Webster Foundation in memory 
of the late Mr. Webster, one of the insti- 
tute’s most distinguished alumni. Dur- 
ing his stay at MIT, Dr. Ramey will par- 
ticipate in the development of teaching 
and research in the new area of solid state 
nonlinear devices and their applications to 
power modulators. Dr. Ramey’s appoint- 
ment became effective February 1. Prior to 
his appointment with Westinghouse in 1952, 
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Dr. Ramey served as head of the electro- 
magnetic components section of the Naval 
Research Laboratory. While on this assign- 
ment he created a new theory of magnetic 
amplifiers and invented eight new circuits. 
He also published a number of basic papers, 
one of which received the best paper award 
of the Basic Sciences Committee of AIEE in 
1951. In addition, Dr. Ramey is the inven- 
tor of the Navy’s new underwater log which 
measures submarine speed to a high degree of 
accuracy. Born in Wayne, W. Va., Dr. 
Ramey was educated at Wayne County 
High School and the University of Cin- 
cinnati where he received the degrees of elec- 
trical engineer in 1943, master of science in 
1945, and doctor of science in 1948. From 
1943-1949 he served as research supervisor 
in the graduate department of applied 
science at the University of Cincinnati. A 
member of the Institute of Radio Engi- 
neers and Sigma Xi, Dr. Ramey has been 
active as a consultant and has been a fre- 
quent speaker at engineering society meetings. 


F. W. Lehan (AM’45), chief, telecommunica- 
tions section, jet propulsion laboratory, 
California Institute of Technology, Pasa- 
dena, has joined The Ramo-Wooldridge 
Corporation, Los Angeles, Calif., electronics 
research and development firm, as electronics 
research engineer in the Guided Missile 
Division. For the past 10 years Mr. Lehan 
has been associated with the jet propulsion 
laboratory, California Institute of Tech- 
nology. He received his B.S. at California 
Institute of Technology in 1944, in electrical 
engineering. His professional affiliations in- 
clude the Institute of Radio Engineers (IRE). 
His writings include articles in The Journal 
of Applied Physics and IRE Transcript. 


L. B. Bonnett (AM °18, M ’25, F °40, Mem- 
ber for Life), vice-president of Consolidated 
Edison Company of New York, Inc., has re- 
tired. He has been with the company 31 
years. At the time of his retirement, Mr. 
Bonnett was in charge of design engineering 
which covers activities in the electrical and 
mechanical engineering fields. Over the 
years, planning, engineering, inventory, pur- 
chasing, and stores operations have been 
directed by Mr. Bonnett. He joined the 
Brooklyn Edison Company, later merged into 
Consolidated Edison, as inside plant engi- 
neer in 1923. During his first 3 years with 
Brooklyn Edison, he specialized in design 
work. In 1926 he took over purchasing and 
allied functions as purchasing agent of the 
company. In 1938 he transferred to Con- 
solidated Edison as assistant engineer of de- 
sign and planning. He was named engi- 
neer of design and planning in 1939; and 
in 1940 became a vice-president of Con- 
sclidated Edison in charge of engineering, 
inventory, purchasing, and stores. As en- 
gineer of design and planning and as vice- 
president of Consolidated Edison, Mr. Bon- 
nett has had a major responsibility since 
1938 in planning, design, and engineer- 
ing connected with Consolidated Edison’s 
postwar expansion program in which system 
electric stations have been modernized or en- 
larged and the new Astoria station has been 
built. Mr. Bonnett was born in Geneva, 
N. Y. He was graduated from Syracuse 
University in 1910 with a degree in electrical 
engineering. Before he joined Brooklyn 
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Edison he worked for General Electric 
Company in testing and engineering at 
Schenectady and as a sales engineer in New 
York. Throughout his utility career he has 
contributed to the work of many industry and 
government groups. He is president of the 
Engineers Club of New York and a director 
of the American Gas Association and the 
Regional Plan Association of New York. He 
is also a member of the New York State 
Society of Professional Engineers and The 
American Society of Mechanical Engineers. 


E. D. Pettler (AFFIL. °52), electrical engi- 
neer, U. S. Naval Civil Engineering Research 
and Evaluation Laboratory, Port Hueneme, 
Calif., has been named resident field engineer 
in charge of the aewly formed Seattle district 
office of CEC Instruments, Inc., sales and 
service subsidiary of Consolidated Engineer- 
ing Corporation, Pasadena, Calif. The new 
sales and service unit is located in Seattle, 
Wash. It will serve Consolidated instru- 
ment users in the states of Washington, 
Oregon, Idaho, Wyoming, and Montana, and 
in the Canadian provinces of British Colum- 
bia, Alberta, and Saskatchewan. The unit 
will operate under the jurisdiction of CEC 
Instruments, Inc.’s western regional office in 
Pasadena, Calif. Mr. Pettler, an electrical 
engineering graduate of Herald Engineering 
College, San Francisco, Calif., joined CEC 
Instruments, Inc., in August 1953, as a field 
engineer in the company’s western regional 
headquarters. During World War II, he 
was a Pan-American Airways copilot and 
subsequently served as a radar and electronics 
instructor at the U. S. Navy Electronics 
School, Corpus Christi, Tex. From 1948 
until 1950, he was electrical engineer for the 
City of Ventura, Calif. 


N. L. Danforth (AM ’41), sales representa- 
tive, Allis-Chalmers Manufacturing Com- 
pany, Philadelphia, Pa., is now manager of 
the Toledo, Ohio, district of Allis-Chalmers 
General Machinery Division. Danforth suc- 
ceeds W. W. Moore, who died October 
20th. A_ representative in Allis-Chalmers 
Philadelphia district office since 1947, Dan- 
forth came to the company in 1940 after re- 
ceiving his electrical engineering degree from 
the University of Maine. He served in the 
U. S. Army Air Force from November 1942 
to May 1946. 


S. G. Hibben (AM ’34, M °45), director of 
applied lighting for the Lamp Division of the 
Westinghouse Electric Corporation, and a 
past president of the Illuminating Engineer- 
ing Society, has retired from Westinghouse 
after nearly 40 years of service to the lamp 
and lighting industry. Dr. Hibben was born 
in Hillsboro, Ohio, and was graduated from 
the Case Institute of Technology in Cleve- 
land with a bachelor of science degree in 
1910. In 1914, Case awarded him the de- 
gree of electrical engineer for his study of 
light-controlling glassware, and he later took 
postgraduate work at the Carnegie Institute 
of Technology, Pittsburgh, Pa., as well as at 
the University of Paris, France. In 1952 
Case Institute awarded him the honorary 
degree of doctor of engineering. After 
operating an electrical contracting firm and 
working in Pittsburgh as a consulting engi- 
neer, Dr. Hibben joined Westinghouse in 
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1915 as a meter design engineer. Later he 
became an arc-lamp specialist at the East 
Pittsburgh works and later an illuminating 
engineer at sales headquarters. Hibben re- 
joined the company in 1919 as a supervisor 
in the Cleveland Lamp Division office after 
serving as a captain in the American Expedi- 
tionary Forces in World War I. In his active 
professional career Dr. Hibben has made 
many contributions to the science and art of 
illumination. He was the first to design mo- 
bile anti-aircraft searchlights (1917); the 
first to perfect a design for lighthouse lenses 
of American manufacture (1920); the first to 
design acceptable semi-indirect lighting fix- 
tures, and a member of a group of scien- 
tists that developed the initial ‘‘cluster’’ 
street lights. He directed the designing of a 
system of transcontinental airway beacons 
in 1927, and also the first modern floodlight- 
ing for public monuments and for airports in 
1928. He is an authority on the floodlighting 
of public sites and monuments, and his de- 
signs light the Statue of Liberty, the Wash- 
ington Monument, Natural Bridge, Va., 
1927; Holland Tunnel 1927, Carlsbad 
Caverns, Endless Caverns, Va., and Crystal 
Caves, Bermuda, 1937. He is a past presi- 
dent, secretary, and treasurer of the II- 
luminating Engineering Society. He was an 
engineering delegate from the United States 
to the Congress of the International Com- 
mission on Illumination in Paris in 1948, and 
in Stockholm in 1951. He is a member of 
many professional societies, including the 
British Illuminating Engineering Society 
and the Engineers Club of New York. He 
is a past president of the Montclair Society of 
Engineers. He is also recipient of the West- 
inghouse Order of Merit, the highest award’ 
bestowed by the company. He servedi 
on the Production and Application of Light 
Committee (1938-40, 1942-50, Chairmam 
1945-47, 


O. G. Villard, Jr. (AM °42), associate 
professor of electrical engineering, Stanford! 
University, Palo Alto, Calif., has. been 
elected ‘‘Outstanding Young Bay Area 
Engineer of 1955.” He was presented the: 
award for his contributions to his profession: 
and his community as well as for the general: 
scope of his engineering activity, by the Bay 
Area Engineers’ Week Committee. He be- 
came associate professor in 1952. Previously: 
he had been acting assistant professor of 
electrical engineering in 1946; and assistant 
professor 4 years after that. He received his; 
bachelor of arts degree from Yale magna 
cum laude in 1938. In 1948 he obtained 
both an electrical engineering and a doctorate 
degree from Stanford. He has also served 
on the staff of the Radio Research Labora- 
tory, Harvard University, and has handled 
technical liaison between the laboratory and. 
government bureaus in Washington, D. C. 


J. J. Thomason, (AM ’19, M ’25) chief 
engineer, J. Frazer Smith and Associates, 
Memphis, Tenn., has become a Member for 


Life of the Institute. He became a Member 
of the Institute in 1919, while assistant chief 
engineer, South West Gas and Electric 
Company. Later he went into consulting 
practice, and then joined Westinghouse in 
1923. He was lighting engineer, manager of 
Transportation, Industrial, and Central Sta- 
tion Divisions of the South West District of 
Westinghouse until 1939, when he became 
manager of the Memphis office. He retired 
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from Westinghouse in 1953 and joined J. Frazer 
Smith, Architects and Engineers, Memphis, 
as chief engineer. 


OBITUARYeeee 


Russell Wellesley Stovel (AM °02, Member 
for Life), retired, died recently after a long 
illness. Mr. Stovel was born in Toronto, 
Ont., Canada, and was graduated from Mc- 
Gill University (Montreal) “‘a gold medalist” 
and winner of the Prince of Wales scholar- 
ship. He had been associated with West- 
inghouse, Church, Kerr and Company for 
many years. Following the merger of that 
firm with Dwight P. Robinson, he joined 
Robinson. ‘This was followed by an associa- 
tion with Gibbs and Hill, Inc., where he was 
in charge of many electrification projects. 
He was vice-president of Allied Engineers 
and served as a lieutenant colonel in France 
during World War I. Before he retired he 
was consulting engineer with the Public 
Service Commission of New York. Mr. 
Stovel had served on the following AIEE 
committees: Traction and Transportation 
(1920-22), Power Stations (1919-20), and 
Power Generation (1928-31). 


Claude N. Rakestraw (AM °10, M °21, 
Member for Life), retired, Cleveland (Ohio) 
Electric Illuminating Company, died re- 
cently. Mr. Rakestraw was a past chairman 
of AIEE’s Cleveland Section. Mr. Rake- 
straw joined Cleveland Electric Illuminating 
Company in September 1912 as a member 
of the sales department. He transferred to 
engineering work, and in 1916 became 
superintendent of underground lines. In 
1934 he was made safety director with re- 
sponsibility for all aspects of safety in the 
company’s operation. He became super- 
visor of employee training in 1945 and staff 
assistant to the director of personnel in 1948. 
This was the position he held at the time of 
his retirement in 1950. He had an electrical 
engineering degree from University of 
Michigan. Mr. Rakestraw had served on 
the following AIEE committees: Trans- 
mission and Distribution (1920-23) and 
Safety (1938-45, 1948-50). 


John Gustav Carroll (M ’45), electrical engi- 
neer, Detroit (Mich.) District, Army Corps 
of Engineers, died on January 4, 1955. Mr. 
Carroll was born in Galveston, Tex., Novem- 
ber 20, 1887, and was graduated from the 
Agricultural and Mechanical College of 
Texas in 1911 with a bachelor of science de- 
gree in electrical engineering. In 1912, after 
a year as engineering apprentice, he became 
an electrical engineer for the Westinghouse 
Electric Corporation (then the Westinghouse 
Electric and Manufacturing Company), East 
Pittsburgh, Pa. In 1920 he became chief 
engineer for the Walker Vehicle Company, 
Chicago, Ill., then a subsidiary of the Com- 
monwealth Edison Company, and in 1927, 
manager, wholesale and apartment equip- 
ment sales, Northern District, Kelvinator, 
Chicago Corporation. Mr. Carroll joined 
the Philadelphia Storage Battery Company 
in 1929 as manager, power sales, for the 
Buffalo, N.Y., Detroit, and Kansas City ter- 
ritories, and in 1932 he became manager of 
operation for the Union Company, Detroit. 
He became associated with Government work 
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in 1942 when he acted as engineer in charge 
of the Detroit District for the Production 
Service, War Production Board, and in 1943 
he was made chief engineer, Smaller War 
Plants Corporation, for Region XI compris- 
ing the state of Michigan and four bordering 
Ohio counties. In 1949 he was an industrial 
consultant in Detroit, and in 1950 he became 
affiliated with the Army Corps of Engineers. 


Carl Grover Jones (AM ’16, M18, Member 
for Life), Wise, Va., died recently. Mr. 
Jones had retired from the Youngstown 
(Ohio) Sheet and Tube Company in 1953. 
He was born in Beloit, Kans., in 1886, and 
was a 1909 graduate of Highland Park Col- 
lege in Des Moines, Iowa, where he earned a 
bachelor of science degree in electrical engi- 
neering. After a year in the student’s course 
at the General Electric Company, he joined 
the company’s research laboratory in Pitts- 
field, Mass., in 1911, where he remained 
until 1912 when he was transferred to the 
developmental section of the transformer 
engineering department. In 1915 he became 
affiliated with the Kuhlman Electric Com- 
pany, Bay City, Mich., and in 1917 he 
entered the employ of the Westinghouse Elec- 
tric Corporation (then the Westinghouse 
Electric and Manufacturing Company), 
East Pittsburgh, Pa., in the transformer engi- 
neering department. In 1931 he left his 
work as inductive engineer for Westinghouse 
to join the Youngstown Sheet and Tube 
Company. At the time of his death, Mr. 
Jones held a number of patents in the electri- 
cal field. 
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Applications for Election 


Applications for admission or re-election to Institute 
membership in the grade of Member have been received 
from the following candidates, and any member object- 
ing to election should supply a signed statement to the 
Secretary before May 25, 1955, or July 25, 1955, if the 
applicant resides outside of the United States, Canada, 
or Mexico. 


To Grade of Member 


Brown A., Coles Signal Laboratory, SCEL, Fort Mon- 
mouth, N. J. 

Bryan, J. K., Union Electric Co., St. Louis, Mo 

Carter, T. A., Aluminum Co. of Canada Ltd., Montreal, 
Que., Canada 

Douglass, D., The Connecticut Power Co., Hartford, 


Conn. 
Michaelis, M., Arthur D. Little, Inc., Cambridge,. Mass 
Scott, N. S., University of Michigan, Ann Arbor, Mich. 
Straughen, A. R., Department of National Defence, 
Naval Headquarters, Ottawa, Ont., Canada 
Vokac, C. W., Hydro-Arc Furnace Div., Whiting Corp., 
Harvey, Ill 
Wilkes, D. P., Western Electric Co., New York, N. Y. 


9 to grade of Member 


Recommended for Transfer 


The Board of Examiners at its meeting of March 17, 
1955, recommended the following members for transfer 
to the grade of membership indicated. Any objections 
to these transfers should be filed at once with the Secre- 
tary of the Institute. A statement of valid reasons for 
such objections, signed by a member, must be furnished 
and will be treated as confidential. 


To Grade of Member 


Anderson, M. W., associate elec. engr., light dept., 
City of Seattle, Wash. 

Boyd, R. C., application engr., Westinghouse Electric 

., East Pittsburgh, Pa. 

Bridler, F. W., supt. of production, El Paso Electric 
Co., El Paso, Tex. 

Brown, F. D., area sales mgr., Westinghouse Electric 
Corp., Philadelphia, Pa 
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Brown, W. C., partner, Blomquist & Brown, C. F., 
Salt Lake City, Utah 

Bryan, C. E., chief engr., & asst. mgr., Jackson Electric 
Dept., Jackson, Tenn. 

Carman, C. C., senior engr., Bechtel Corp., San Fran- 
cisco, Calif. 

Cockrell, B. D., elec. engr., Aluminum Co. of America, 
Rockdale, Tex. 

Cook, B. J., personnel administration, Oklahoma Gas 
& Electric Co., Oklahoma City, Okla. 

Day, E. C., asst. secy., comm. on technical operations, 
American Institute of Electrical Engineers, New 
York, N. Y. 

Eller, W. H., professor of physics, University of Hawaii 
Honolulu, T. H 

Ewen, R. A., engineer, General Electric Co., Canton 
Ohio 

Farinholt, W. W., sales engr., General Electric Co., 
Atlanta, Ga 

Frans, W. D., asst. to area engineer, Bonneville Power 
Adm., Seattle, Wash. 

Fullerton, F. W., senior engineer, Southwestern Bel! 
Telephone Co., Oklahoma City, Okla 

Garmezy, R. H., head of radiator lab., Blackstone Corp 
Jamestown, N. Y 

Gollin, N. W., research engr., Taylor Instrument 
Companies, Rochester, N. Y 

Guernsey, E. D., foreign wire relations engr., The Ohio 
Bell Telephone Co., Columbus, Ohio 

Hammer, W. A., Jr., relay & meter engineer, Penn- 
sylvania Water & Power Co., Lancaster, Pa 

Heckman, C. J., power service engr., Dallas Power & 
Light Co., Dallas, Tex 

Hickman, F. B., branch manager, Westinghouse Electric 
Supply Co., Savannah, Ga 

Hill, C. F., electrical engineer, Vern E. Alden Co., 
Chicago, Il 

Hogan, D. L., electronic engineer, National Security 
Agency, Washington, D. C 

Hong, K. S., chief electrical engineer, Moore Dry Dock 
Co., Oakland, Calif 

Kallenbach, G. K., operating supt., Niagara Mohawk 
Power Corp., Albany, N. Y 

Kenyon, G. H., project engineer, technical products 
div., Corning Glass Works, Corning, N. Y 

Kritscher, A. J., electrical engineer, San Francisco 
Public Utilities Comm., San Francisco, Calif. 

Leoni, L. C., development engineer, General Electric 
Co., Pittsfield, Mass 

Lunge, G. S., senior application engineer, General 
Electric Co., Schenectady, N. Y. 

Markarian, P. B., electrical distribution engineer, The 
Scranton Electric Co., Scranton, Pa. 

Marston, F. M., engineer, Bell Telephone Co. of Pa., 
Pittsburgh, Pa 

McKee, F. L., station engineer, Public Service Co., 
Salisbury, Md 

McKune, W. J., assoc, prof. of elec. engg., Georgia 
Institute of Tech., Atlanta, Ga. 

McLean, H. T., engineer, General Electric Co., Schenec- 
tady, N. Y. 

Miller, R. M., supervisory electrical engineer, Bureau 
of Reclamation, Denver, Colo 

Olson, O. E., electrical design engineer, Electric Ma- 
chinery Mfg. Co., Minneapolis, Minn 

Opdenweyer, A. E., engineer, Portland General Electri: 
’0., Portland, Oreg 

Procopio, R. G., engineer, Sperry Gyroscope Co., 
Lake Success, N. Y 

Radke, D. F., development engineer, General Electri 
Co., Pittsfield, Mass 

Rafsnider, L. B., engineer, The Ohio Bell Tel. Co 
Columbus, Ohio 

Rhudy, R. G., supervisor, General Electric Co., Schenec- 
tady, N. Y 

Rigie, B., chief, systems section, Ketay Laboratories, 
New York, N. Y 

Roberts, L. J., gas & water supervisor, Southwestern 
Public Service Co., Amarillo, Tex. 

Rosenberry, G. M., Jr., development engr., General 
Electric Co., Schenectady, N. Y 

Ross, G. A., manager, Thomson Laboratory, General! 
Electric Co., West Lynn, Mass 

Sanborn, C. B., Jr., electrical engineer, The Electric 
Controller & Mfg. Co., Cleveland, Ohio 

Sargent, H. C., general superintendent, Superior Water 
Light & Power Co., Superior, Wis 

Schneider, B. H., stations engineer, The Detroit Edison 
Co., Detroit, Mich 

Schneider, D. B., supervisor, specialty control dept., 
General Electric Co., Schenectady, N. Y 

Slaybaugh, G. D., partner—Slaybaugh-Thompson 
Denver, Colo 

Small, R. W., electrical engineer, Gilbert Associates, 
Inc., Reading, Pa 

Smith, H., special engineer, El Paso Electric Co., 
El Paso, Tex. 

Smith, W. R., senior engineer, Southwestern Public 
Service Co., Plainview, Tex 

Sullivan, E. M., president, E. M. Sullivan Electrical 
Engineering, Springfield, Mass 

Temoshok, M., application engineer, General Electric 
Co., Schenectady, N. Y. 

Timpe, N. B., electrical engineer, Philadelphia Electric 
Co., Philadelphia, Pa. 

Tomsic, E. M., electrical engineer, Bureau of Reclama- 
tion, Denver, Colo. 

Verheyden, V. E., engineer, General Electric Co., 
Schenectady, N. Y. 

Walkup, J. F., engineer, Bechtel Corporation, San 
Francisco, Calif. 

West, W. K., asst. superintendent, Aluminum Co. of 
America, retail power div., Alcoa, Tenn 

Willyoung, engineer, General Electric Co., 
Schenectady, N. Y. 

Wulfsberg, A. H., head, engg. & research group, 
Collins Radio Co., Cedar Rapids, lowa 
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CURRENT 


National Bureau of Standards Exhibits 


New Scientific Developments at Open House 


ANNOUNCEMENT of a system for 
“X-ray televising’’ the internal parts of an 
operating engine, the demonstration of a 
radiation monitor for atomic blasts, and re- 
cent developments in the science of measure- 
ment were among the highlights of an Open 
House at the National Bureau of Standards 
(NBS), Washington, D. C* The program 
stressed the significance of physical measure- 
ment standards to scientific and industrial 
progress and featured the first showing of 
two new radiation facilities: the NBS Beta- 
tron and Gamma Ray Laboratories. The 
Open House guests were also taken on guided 
tours covering the work of 14 other NBS 
Laboratories. 

The new Gamma Ray Laboratory will 
permit the Bureau to meet increasing 
scientific and technical demands growing out 
of advances in the use of atomic energy. 
Before radioactive materials and _instru- 
ments for their detection can be used safely 
and effectively, they must be calibrated 
against the radioactive standards maintained 
by the Bureau. In recent years, the isotope 
Cobalt 60 has been increasingly used in place 
of radium for industrial X-ray photography, 
medical treatment, and instrument calibra- 
tion. The Gamma Ray Laboratory was 
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built to accommodate the growing demand 
for Cobalt-60 calibration. The laboratory 
also maintains radium standards for calibra- 
tion of all medical radium preparations. 

The Betatron Laboratory houses the 
Bureau’s 50-million-volt betatron and 180- 
million-volt synchrotron. The Bureau is 
using the X rays produced by these high- 
energy electron accelerators to develop the 
standards and measurement methods needed 
for safe application of high-energy X rays in 
medicine, industry, and nuclear physics. 
Exact wall thicknesses and optimum types 
of construction for protection from these 
deeply penetrating radiations can be deter- 
mined through laboratory research. 

Before touring the Bureau, the guests 
assembled in the Bureau’s High-Voltage 
Laboratory to witness a lecture-demonstra- 
tion by Dr. Allen V. Astin, director of the 
Bureau. In his talk, ‘‘Physical Standards— 
The Cornerstone of Scientific and Industrial 
Progress,’ Dr. Astin used the electro- 
magnetic spectrum to bring out the relation- 
ship between the Bureau’s activities and the 
technological economy of the nation. _Illus- 
trating his remarks with actual operating 
apparatus, he discussed the Bureau’s work in 
developing the precise standards of measure- 


Of Current Interest 


INTEREST 


General view of lecture-demon- 
stration by Dr, Astin in the 
NBS High-Voltage Laboratory. 


ment required by modern science and in- 
dustry in the various ranges of the spectrum. 

Starting with the national standard meter 
bar and kilogram—on public exhibition for 
the first time—Dr. Astin went on to discuss 
the hundreds of physical measurement stand- 
ards which the Bureau has derived from these 
basic standards since its establishment in 1901. 
He chose an ordinary electric lamp as an 
example of a modern technological product 
and showed how its uniform quality is 
related in ten different ways to activities 
carried on by the Bureau. Included are 
NBS activities which provide standards for 
measurement of brightness, color, electrical 
resistance, watt rating, and voltage rating. 
Also involved are NBS standard samples of 
the lamp  wmaterials—brass, glass, and 
tungsten; screw thread standards to insure 
proper fitting of lamp and socket; specifica- 
tions for lamp quality; and standard elec- 
trical safety codes for power systems and for 
lamp sockets and wiring. 

Dr. Astin illustrated NBS work in the X- 
ray range of the spectrum with demonstra- 
tions of the radiation monitor and the system 
for X-ray televising the interior of an engine. 
The radiation monitor is a remote-control 
system which automatically measures radia- 
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DR. ASTIN explains how the uniform quality of an electric lamp is related to NBS work. 


Behind him is a chart of the electromagnetic spectrum. 
are the national standards of length and mass—the meter bar and kilogram. 


At the extreme left of the stage 
At right is 


a radiation monitor for remote detection of radiation from atomic blasts. 


tion intensities in the vicinity of an atomic 
explosion and transmits the data by radio to 
a centrally located headquarters. 

The X-ray televising demonstration used 
highly penetrating radiation from the 
Betatron in combination with a technique 
recently developed at the Bureau for con- 
verting high-energy X rays into visual 
images. The audience saw clearly the 
moving piston, piston rod, and other parts 
in the televised X-ray image of a small 1- 
cylinder engine. By means of this technique 
it should be possible to televise the internal 
operation of a wide range of mechanisms, 
such as automotive and aircraft engines, 
pumps, and other devices. 

Because of their greater penetrating power 
and lower scattering, high-energy X rays 
from Betatrons and Synchrotrons produce 
sharper images than do lower energy X rays, 
allowing the observation of greater detail and 
the detection of more minute flaws in metallic 


equipment. However, until now their use 
in studying the internal operation of heavy 
machinery has been confined largely to X- 
ray photographs. Suitable methods for 
observing the interior of a mechanism while 
it operates have been lacking. 

The Bureau’s system, developed by Dr. 
J. S. Pruitt of the NBS Betatron Laboratory, 
makes use of an instrument called a pattern 
amplifier which acts as an X-ray intensifier, 
continuously detecting, amplifying, and dis- 
playing low-intensity X-ray images. The 
major component of the pattern amplifier is 
the converter, a large cylindrical thallium- 
activated sodium-iodide crystal which con- 
verts X-ray images into optical images. 
When bombarded with an X-ray beam, 
the crystal emits visible light. If the flat 
faces of the crystal are perpendicular to the 
X-ray beam, a visible replica of the X-ray 
image may be observed along the beam axis. 
When the pattern amplifier is used in con- 








EXPERIMENTAL setup used for X-ray tele- 
vising the internal parts of an operating 
mechanism. A compressor to be examined 
is shown in position on the black cloth. 


junction with a high-intensity high-energy 
X-ray source, such as the NBS Synchrotron, 
it can continuously display images of parts 
hidden by as much as 18 inches of steel or 
71/2 feet of concrete. The visual image may 
be observed directly by eye, photographed 
with an ordinary camera, or observed with 
a remotely controlled television camera. 

In discussing work in the radio range, Dr. 
Astin announced that the Bureau is working 
with the Air Force and the Navy Bureau of 
Aeronautics in setting up a recalibration 
center to insure the reliability and efficiency 
of electronic equipment in military aircraft. 
About half the cost of a modern fighter air- 
plane now goes into electronic devices for 
navigation, communication, fire control, 
and other purposes. In order for this equip- 
ment to work together as a unit, each of the 
separate components must be specified, 
constructed, and evaluated according to 
certain reference standards. ‘The recalibra- 





METAL FATIGUE research is being carried on by the Bureau. 
machine in the left foreground applies an axial ‘‘push-pull’’ to speci- 
mens of rod. Behind the axial-load machine and in the right fore- 


ground are rotating-beam devices for rods. 
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On the table is a rotating- 
bending and reverse twisting machine for wire. 


The 


STANDARDS demonstration at the NBS Open House. 
at right is for precise calibration of master watt-hour meters submitted 
by power companies’ and public utilities’ commissions. 
are compared with the Bureau’s standard watt-hour meter (circular 


Equipment 


The meters 


housing), behind which is timing and counting equipment. 
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ATOMIC FLAME apparatus demonstrated at 


the NBS Open House. The 


Bureau hopes to learn more about the burning process so that fuels may be used 


more efficiently. 


Measured temperature within the flame varies from 1,200 F to 


20,000 F, depending on the method of measurement used. 


tion center will periodically calibrate the 
working standards used in maintaining it. 

One of the demonstrations in the visible 
range of the spectrum concerned 3-color 
brightness standards now under develop- 
ment at NBS for the television industry. 
Color television tubes contain red, green, and 
blue fluorescent materials, which in com- 
bination produce all the required colors in 
the image. The Bureau’s standards are for 
use in measuring the brightness of the 
three components. The visitors saw the 
television standards in the form of squares 
of transparent colored glass, lighted from 
behind. The colors match closely those 
used in color television tubes. 


In addition to the Gamma Ray and Beta- 
tron Laboratories, the guests saw demon- 
strations by NBS laboratories concerned with 
precision measurement of length, measure- 
ment problems at supersonic speeds, stand- 
ards and measurement at very high tempera- 
tures, fatigue of metals, properties of matter at 
very low temperatures, high-speed electronic 
computers, color and its measurement, 
electrical standards and measurement, precise 
analysis of metals and alloys, properties of 
heat-insulating materials, measurement of 
forces up to 10 million pounds, radio propa- 
gation research, atomic structure of crystal- 
line materials, and high-speed impact proper- 
ties of fibrous materials. 


New Tube That Simulates Typesetting 
Translates Codes at 100,000 Words Per Minute 


A NEW electron-image tube that can 
translate coded signals from tape, keyboard, 
or radio into clearly defined letters and 
figures at speeds up to 100,000 words per 
minute for high-speed photographic record- 
ing has been announced by the Radio Cor- 
poration of America (RCA). 

The new tube, developed at the David 
Sarnoff Research Center of RCA, fills an 
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acute need for high-speed printing devices 
operating directly from data in coded form. 
When it achieves commercial form, its initial 
application is likely in electronic message 
transmission and computing systems. Fur- 
ther development is expected to fit it for 
wider application in general printing as an 
electronic means of typesetting. 

In operation, the tube simulates type- 
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setting in selecting letters and figures one 
by one from a “font” and placing them in 
luminous form on the 5-inch circular 
cathode-ray-tube face, either in lines or in 
any pattern desired. The ability to place 
the characters where they are wanted gives 
the tube wide flexibility for such tasks as 
producing financial statements, balance 
sheets, and bills, where letters and figures 
must be placed in various positions on a form. 

The font from which characters are 
selected is a lantern slide bearing a chart of 
letters and figures which are projected from 
outside the tube onto a sensitive layer at the 
rear of the tube. Any of a variety of slides 
may be used, permitting selection from a wide 
range of type styles for reproduction on the 
tube face. 

The new image tube was developed by W. 
H. Bliss and J. E. Ruedy under the super- 
vision of C. J. Young and Dr. G. A. Morton, 
of the technical staff at the David Sarnoff 
Research Center. It is 25 inches long and 
resembles in appearance the cathode-ray 
tubes used in oscilloscopes. Its operation, 
however, is substantially different. 

The layer at the rear onto which the slide is 
projected consists of photoemissive material, 
which emits a stream of electrons in the 
pattern of the projected letters and figures. 
The electron stream, carrying all of this 
information, is accelerated forward in the 
tube by a voltage applied to the wall coating 
of the tube. 

The selection of letters and figures in the 
required order is accomplished with a tiny 
aperture at the neck of the tube, permitting 
only one character at a time to pass through. 
As the electron stream moves toward the 
aperture, a magnetic deflection coil around 
the outside of the tube shifts the stream so 
that the desired character passes through the 
aperture and speeds toward the tube face. 
Another set of magnetic coils then focuses 
and deflects the character to its proper place 
on the face, where it appears in visible form 
on a phosphor screen. As many as 4,000 
characters have been produced clearly in a 
single pattern on the tube face. The 
second set of coils is capable, however, of 
varying the size of the letters and figures on 
the screen if enlargements of these characters 
are required. 

The entire process of selecting the char- 
acter, passing it through the aperture, and 
placing it in the right location on the tube 
face can take place at speeds up to 10,000 
letters a second. This depends upon the 
rate at which coded information is fed into 
the circuits controlling the tube. 

The source of the coded information can 
be perforated paper tape, magnetic tape, 
wire or radio signals, keyboard selection, or 
an electronic storage unit such as a magnetic 
memory. In tests of the tube at RCA 
Laboratories, the source has been a perfo- 
rated tape like those used in teleprinter cir- 
cuits. In any case, the coded input can 
control both the selection of the characters 
and their location on the face of the electron- 
image tube. 

Since the image on the tube face is to be 
recorded on photographic film, the new im- 
age tube has been designed to produce 
letters and figures with clear definition and a 
high level of brightness. In laboratory 
tests 2,000 characters per second have been 
recorded from the tube face on standard 
35-mm film. For higher speeds, films of 
greater sensitivity are required, 
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TRADIC is shown in opera- 
tion by J. H. Felker (left), 
who gives instructions to the 
computer, and J. R. Harris 
(right), who places numbers 
into the machine. 


Bell Telephone Laboratories Develops 


All-Transistor Computer for Air Force 


A MINIATURE electronic “brain” that 
opens a new era in computers and that can 
operate flawlessly in airplanes flying at super- 
sonic speed has been developed for the U. S. 
Air Force by Bell Telephone Laboratories, Inc. 

This digital computer eliminates vacuum- 
tube failure and heat, jet aircraft’s greatest 
electronic problems, by the use of transistors 
instead of vacuum tubes. It contains nearly 
800 of these devices and is believed to be the 
first all-transistor computer designed for 
aircraft. 

The new computer, known as TRADIC 
(TRAnsistor-DIgital-Computer ), requires 
less than 100 watts to operate. This.is 1/20th 
of the power needed by comparable vacuum- 
tube computers. Early computers used as 
many as 18,000 vacuum tubes and fre- 
quently required several kilowatts to operate. 

The new electronic “brain” contains, in 
addition to transistors, nearly 11,000 ger- 
manium diodes. These serve as the elec- 
tronic equivalent of tiny 1-way switches. 
Solid, like transistors, they are capable of 
operating thousands of times faster than 
their mechanical counterparts. 

When design work has been completed, 
the computer will probably occupy less 
than 3 cubic feet of the critical space in 
modern military aircraft. 

The new general-purpose computer was 
developed at Bell Laboratories under the 
direction of J. H. Felker, electrical engineer, 
who is in charge of a group of electrical and 
mechanical engineers developing transistor 
circuits for military applications. 

TRADIC can do 60,000 additions or 
subtractions, or 3,000 multiplications or 
divisions a second. A typical problem fed 
into the machine requires it to go through 
about 250 different steps of computation. 
It can run through an entire problem of 
that complexity and provide an answer in 
about 15/1,000ths of a second. The com- 
puter can handle, simultaneously, as many 
as 13 16-digit numbers. 
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Mathematical instructions are placed into 
TRADIC by means of a plug-in unit resem- 
bling a small breadboard. Plug-in units 
are set up beforehand with interconnecting 
wires to represent problems at hand. Num- 
bers to be processed are put into the machine 
by means of simple switches. 

The laboratory model of TRADIC pro- 
vides answers to trigonometric problems with 
a series of dots on an oscilloscope. These 





LABORATORY model of TRADIC can pro- 
vide answers to trigonometric problems 
with a series of “‘dots’” on an oscilloscope. 
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Future Meetings of Other 
Societies 


National Metal Trades Association, Western 
Plant Management Conference. May 1-4, 
1955, French Lick Springs Hotel, French Lick, 
Ind. 


Electrochemical Society. May 1-5, 1955, 
Sheraton-Gibson Hotel, Cincinnati, Ohio 


British Industries Fair. May 2-13, 1955, 
Birmingham, England 


Society of American Military Engineers, 
Annual Meeting. May 5-6, 1955, Hotel 
Waldorf-Astoria, New York, N. Y. 


l'Institut Montefiore (AIM), International 
Meeting for Study of Industrial Applications of 
Nuclear Energy. May 3-4, 1955, Liege, Bel- 
gium 

Pennsylvania Electric Association. Trans- 
mission and Distribution Committee, May 5—6, 1955, 
Irem Temple Country Club, Dallas, Pa 
Hydraulic Power Committee, May 5-7, 1955, Hotel 
Sheraton-Brock, Niagara Falls, Ont., Canada 


Systems Operation Committee, May 12-13, 1955, 
Skytop Lodge, Skytop, Pa Electric Equipment 
Committee, May 19-20, 1955, Hotel Roosevelt, 


Pittsburgh, Pa. 


Society of American Military Engineers, 
Annual Meeting. May 5-6, 1955, Hotel 
Waldorf-Astoria, New York, N. Y 


American Association of Spectographers, 6th 
Annual Conference. May 6, 1955, Engineers’ 
Building, Chicago, Ill 


Society of Plastics Industry, Annual Meeting 
and Conference. May 7-15, 1955, Cruise on 
Queen of Bermuda 


Northwest Electric Light and Power Associa- 
tion, Business Development Section, Meeting 
May 9-11, 1955, Hotel Utah, Salt Lake City, 
Utah 

Metal Power Association, National Meeting 
and Show. May 10-12, 1955, Bellevue-Strat- 
ford Hotel, Philadelphia, Pa. 


Chicago Electric Industry Show, Annual Show 
May 10-12, 1955, Conrad Hilton Hotel, Chi- 
cago, Ill. 


Pacific Coast Electrical Association, Annual 
Convention. May 11-13, 1955, Sheraton 
Palace Hotel, San Francisco, Calif. 


Public Utilities Advertising Association, 
Annual National Convention. May 12-13, 
1955, Sheraton Hotel, Chicago, II). 


New York State Society of Professional Engi- 
neers. May 12-14, 1955, Commodore Hotel, 
New York, N. Y. 


Michigan State College, Symposium on Auto- 
mation. May 13, 1955, Engineering School, 
East Lansing, Mich. 


American Materials Handling Society, Na- 
tional Materials Handling Exposition. May 
16-20, 1955, International Amphitheater, 
Chicago, III. 


Armed Forces Communications and Elec- 
tronics Association, Annual] Convention. May 
19-21, 1955, Hote] Commodore, New York, 
N. Y. 


National Association of Electrical Distributors, 
47th Annual Convention. May 22-26, 1955, 
Conrad Hilton Hotel, Chicago, III 


American Society for Quality Control, Annual 
Meeting. May 23-25, 1955, Hotels Statler 
and New Yorker, New York, N. Y. 


American Management Association, General 
Management Conference. May 23-25, 1955, 
Hotel Roosevelt, New York, N. Y. 


Signal Corps Engineering Laboratories, 
Ninth Annual Frequency Control Symposium 
May 25-27, 1955, Hotel Berkeley-Carteret, 
Asbury Park, N. J. 


Basic Materials Exposition, Design Engineering 
Show. May 31—June 3, 1955, Convention Hall, 
Philadelphia, Pa. 


National Society of Professional Engineers, 
Annual Meeting. June 2-4, 1955, Bellevue- 
Stratford Hotel, Philadelphia, Pa. 
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TRANSISTOR, one of almost 800 used in 
the new Bell air-borne digital computer, is 
inserted into a ‘“‘memory” package. Actual 
packages will be about one half the size of 
the model shown, 


dots of light move so rapidly that they actu- 
ally appear to draw geometric diagrams on 
the scope. 

To handle the successive steps of complex 
computation, TRADIC automatically trans- 
fers each subanswer to built-in memory 
packages while continuing to calculate the 
remaining sections. 


University of Michigan Offers 
Nuclear Reactor Summer Course 


The University of Michigan announces a 
2-week intensive course on ‘Nuclear Reactors 
and Radiations in Industry” to be given in 
Ann Arbor, August 15-26, 1955. The 
course is sponsored by the Nuclear Engineer- 
ing Committee of the College of Engineering, 
and will be conducted by members of the 
Engineering College staff, assisted by guest 
lecturers. Staff members participating in- 
clude Professors L. E. Brownell, H. J. Gom- 
berg, W. Kerr, H. A. Ohlgren, and J. R. 
Sellars. 

Lectures covering such topics as elemen- 
tary nuclear theory, measurements of nuclear 
radiations, interaction of radiation and 
matter, and nuclear reactors and fuels will 
be co-ordinated with laboratory demon- 
strations, tours of university radiation facili- 
ties, and examples of industrial applications. 
Guest lecturers from industry will present 
current progress and thinking in the nuclear 
field. The 1-megawatt University of Michi- 
gan research reactor, which will be under 
construction during the course, will be in- 
spected and discussed. Demonstrations us- 
ing a multikilocurie gamma radiation source 
will be conducted. The course is intended 
for the engineer without previous experience 
in nuclear technology who wishes to acquire 
a knowledge of representative problems and 
techniques in this rapidly developing field. 

Tuition will be $200. The fee includes a 
complete set of printed course notes. 

For further details or for information on 
application, write Professor William Kerr, 
Department of Electrical Engineering, Uni- 
versity of Michigan, Ann Arbor. The 
deadline for registration is June 1, 1955. 
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Armour to Have First Nuclear Reactor 


Designed for Private Industrial Research 


THE FIRST nuclear reactor designed for 
private industrial research will be built for 
the Armour Research Foundation by North 
American Aviation, Inc., it was announced 
recently. 

It is proposed to locate the new reactor at 
Armour’s operations on the campus of the 
Illinois Institute of Technology in Chicago, 
not far from the site of the historic Stagg 
Field reactor which heralded the modern 
atomic age. Unlike the Stagg Field ma- 
chine, the new industrial research reactor 
will be used entirely for nonmilitary appli- 
cations of atomic energy. 

Construction will begin when the project 
has been approved by the Atomic Energy 
Commission (AEC). Fissionable material 
for the operation of the reactor has been 
requested from the AEC under the licensing 
provisions of the AEC Act of 1954. The 
reactor and associated equipment are ex- 
pected to cost about $500,000. 

Short-lived radioisotopes, useful in medical, 
industrial, and scientific research, will be 
available locally from the new machine. 
Such short-lived isotopes have not been 
widely used because of the time delay and 
resultant radioactivity loss if moved over 
long distances. 

Scheduled to be completed in about a 
year, the reactor will be available to in- 
dustrial and government sponsors to con- 
duct a wide range of nuclear research. 
Capable of operating at a power level of 
50,000 watts, the reactor will produce 
neutrons and gamma radiation for research 
and development in the fields of biology, 
metallurgy, food processing, electronics, 
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chemistry, textiles, oil and gases, rubber and 
leather, machinery, building materials, and 
allied industrial and scientific pursuits. 

The reactor will be located in a room 
about 48 feet long, 72 feet wide, and 30 feet 
high. Atomic fission willl take place in the 
reactor core, a steel sphere about 1 foot in 
diameter. The sphere will contain about 4 
gallons of uranyl sulphate, enriched in 
Uranium 235, in a water solution. Because 
of this arrangement the reactor is called a 
“solution type.” 

The reactor core will be surrounded by 
an 8- by 5- by 5-foot stack of graphite bars 
which act as a reflector. The graphite 
stack is completely enclosed in a steel tank, 
except for those areas of 1 to permit 
access to the radioactivity and neutron supply 
from the core. Five-foot-thick dense con- 
crete blocks form the exterior shield for the 
machine, giving an over-all dimension of 18 
feet long, 16 feet wide, and 11 feet high for 
the shielded reactor structure. 

Rate of fission in the reactor will be con- 
trolled by four boron rods. These rods, 
when placed near the reactor core, absorb 
neutrons, thus stopping the fission process. 
When the rods are withdrawn fission begins 
again. With this control it is possible to 
operate the reactor at various power levels 
by regulating the rate of fission. 

A particular feature of this reactor is its 
self-contained design which confines all the 
radioactivity within the shield. No fumes, 
gases, smoke, or any other materials will be 
exhausted or discharged from the machine. 
This design, together with the inherent 
safety features of the solution-type reactor, 





ARTIST'S SKETCH of the first nuclear reactor for private industrial research which North 
American Aviation designed and will build for Armour Research Foundation, Chicago. 
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make it particularly suitable for the Armour 
research program, 

Fissionable material to fuel the reactor will 
be obtained from the Atomic Energy Com- 
mission on an “extended-loan”’ basis. Ar- 
mour officials have pointed out that spon- 
sored research with the machine will be sub- 


ject to no competition from military appli- 
cations, no secrecy of any kind other than 
that called for in the protection of the indi- 
vidual sponsors’ programs. The machine 
will not be used for research on reactors, nor 
will the reactor be utilized for the generation 
of electric power. 


Varian’s New Magnetometer Utilizes 


Hydrogen Nuclei to Detect Mineral Deposits 


A SIMPLE BOTTLE of water will greatly 
speed exploration of what lies beneath the 
earth’s surface. 

A contract announced recently revealed 
that exclusive world-wide rights for the 
Varian Earth’s Field Magnetometer have 
been granted to Hycon Aerial Surveys of 
Pasadena, Calif. With this contract, Hycon 
Aerial Surveys becomes a separate corpora- 
tion in which both Hycon Manufacturing 
Company and Varian Associates hold owner- 
ship interest. 

The Varian magnetometer uses the in- 
herent properties of hydrogen nuclei, con- 
tained in any sample of tap water, to detect 
and measure minute changes in the earth’s 
magnetic field. The announcement was 
made jointly by A. E. Acker, president of 
Hycon Aerial Surveys, Inc., and Russell 
Varian, president of Varian Associates. 

Acquisition of the Varian magnetometer 
will enable Hycon Aerial Surveys, Inc., 
to render an improved analysis of the earth’s 





natural resources on flights that simulta- 
neously map the area under study. 

The Varian magnetometer operates on 
a fundamentally new concept of physics 
that will open up unlimited fields of air- 
borne geophysical exploration. The new 
instrument uses hydrogen nuclei to record 
minute changes of the earth’s magnetic field 
which in turn can indicate the presence of 
minerals or petroleum deposits. 

Since the Varian instrument is calibrated 
on a constant of nature, the hydrogen atom’s 
nucleus, it is independent of any outside 
reference point. This feature makes the 
new magnetometer extremely simple to 
build and maintain. Weight- and space- 
saving features of the new unit are particu- 
larly important in air-borne surveys and 
small versions of the Varian magnetometer 
need weigh no more than 100 pounds, ex- 
cluding the primary power supply. 

One of the most important advantages of 
the Varian magnetometer is that it needs no 





IRE Annual Convention and Exhibition 





THE INSTITUTE OF RADIO ENGINEERS held its 43d annual convention and exhibition at 
the Waldorf-Astoria Hotel and Kingsbridge Armory and Palace, New York, N. Y., March 
21-24, 1955. A program of more than 275 technical papers were presented at 55 sessions 
and more than 40,000 persons visited the 704 exhibits at the Armory, shown above. 


May 1955 


Of Current Interest 


gyroscopic stabilization to obtain absolute 
readings of total field. The “bird” that is 
trailed behind the survey airplane measures 
total magnetic field without regard to direc- 
tion. The “bird” that feeds basic informa- 
tion to the recording equipment in the air- 
plane is little more than a jar of water with 
a coil wrapped around it housed in a stream- 
lined cone. Relatively inexpensive to build, 
there is negligible loss if the pilot comes too 
close to the ground and smashes the jar of 
water and coil. Since it can be carried by 
helicopter or muleback without compli- 
cated reference devices, the Varian instru- 
ment will lead the way to valuable deposits 
previously out of the range of existing detec- 
tion equipment. 


AT & T Installs Microwave 
Horn-Reflector Antenna 


A new type of microwave antenna, desig- 
nated “‘horn-reflector,” was recently installed 
by the long lines department of the American 
Telephone and Telegraph Company at a 
station near Terrell, Tex. This is the first 
commercial installation of these  super- 
capacity antennas. They will be used on 
a route now under construction between 
Dallas, Tex., and Jackson, Miss., for tele- 
phone and television service. 

Horn-reflector antennas, which are to re- 
place the so-called “delay lens’ antennas 
used on most Bell System radio-relay routes, 
operate over a very broad frequency band. 
A single antenna will be able to handle 
simultaneous transmission in the common 
carrier band of 3,700—4,200 mec and also in 
bands in the 6,000- and 11,000-mc regions. 

Eventually, it will be possible for this 
antenna to handle 15,000 telephone conversa- 
tions and ten television programs at the same 
time. Another advantage of the new 
antenna is that it is capable of transmitting 
simultaneously both horizontally and verti- 
cally polarized waves. This feature will be 
used to reduce crosstalk coupling between 
adjacent channels on the systems. 

The horn-reflector antenna consists of a 
feed horn, an expanding horn-shaped casing, 
and a section of a parabolic reflector facing 
the mouth of the horn. The aperture of the 
horn has a cross section of 65 square feet. 
The energy from the radio equipment is 
transmitted through a circular waveguide 
to the feed horn which has a smooth transi- 
tion from the 2.8-inch inside diameter of the 
waveguide to the 11.6-inch square aperture 
of the feed horn. 

In transmitting, the radio waves leave the 
waveguide, expand in the feed horn and 
lower portions of the antenna, and are then 
reflected in parallel lines from the surface of 
the parabolic reflector. In receiving, the 
operation of the antenna is reversed. In- 
coming waves arrive in parallel lines and are 
reflected by the section of the parabola to the 
focal point in the feed horn and then through 
the waveguide to the radio equipment. 

The approximate gain of the horn-reflec- 
tor antenna as compared with an isotropic 
radiator, ranges from about 39 db at 4,000 
mc to 48 db at 11,000 mc. The front-to- 
back ratio ranges from about 71 db to 78 db, 
depending on frequency band and polariza- 
tion. The gain in the 4,000-mc range is 
about the same as the delay lens antenna. 
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Bell Labs and MIT Send 
UHF Signals 200 Miles 


Direct television and multichannel tele- 
phone transmission through space for as far 
as 200 miles—without relay stations and at 
ultrahigh frequencies—has been accom- 
plished, according to a recent announcement 
by Bell Telephone Laboratories and the 
Massachusetts Institute of Technology 
(MIT). 

Television pictures, as well as radio and 
telephone conversation, can be sent “‘over 
the horizon”’ on ultrahigh frequencies, in an 
extension of a transmission technique re- 
cently applied to the continental defense 
system. 

Principal virtue of over-the-horizon trans- 
mission is that longer communications 
bridges are possible over water and rugged 
terrain. In the present microwave-radio- 
relay network across the United States, relay 
stations are 30 miles apart. 

Standard AM radiobroadcasting employs 
waves that follow the earth’s curvature, 
but waves used in television and telephone 
relays were presumed to travel in a straight 
line. For many years, line-of-sight trans- 
mission between antennas placed on towers 
on the horizon (about 30 miles apart) 
was thought to be the only practical means of 
transmitting by radio the wide bands needed 
for television and multichannel telephone 
service. 

This was disproved after years of research 
at MIT and Bell Telephone Laboratories. 
The latter’s research stemmed from Bell’s 
success with transcontinental microwave 
systems for carrying telephone conversations 
and radio and television programs from coast 
, to coast and their continued interest in radio 
propagation. The MIT interest was stimu- 
lated by work for the Government in radar 
and overseas broadcasting. 

Scientists knew that ultrahigh frequencies 
traveled over the horizon under certain con- 
ditions but believed them to be too weak and 
undependable for practical use. In the 
course of investigating occasional inter- 


ference attributed to these waves, however, 
the scientists discovered that many actually 
overshot the relay towers at which they were 
aimed and arrived at farther points with 
remarkable consistency. 

The next step was to provide reliable long- 
distance transmission over the horizon. 
MIT and Bell Laboratories engineers did this 
by erecting larger antennas and using higher 
power than is employed in the conventional 
microwave system. Thus, they put to use 
the weaker signals that drop off a straight 
radio beam beyond the horizon and are 
reflected or scattered to distant points by the 
atmosphere. 

The effect of the new system is very much 
like that of a powerful searchlight, which casts 
a beam in a straight line. A searchlight 
aimed at the sky can be seen from the ground 
miles away, even when the searchlight is 
behind a hill. This is possible because some 
of the light is reflected to the ground by the 
atmosphere. 

In order to make use of over-the-horizon 
transmission, 10-kw transmitters and 60- 
foot-diameter antennas are being used. 
This is 20,000 times the power and 30 times 
the antenna area used in the present trans- 
continental microwave system. It was found 
necessary to employ the lower frequencies 
(in the uhf band) to develop with available 
equipment sufficient power to attain a satis- 
factory degree of reliability. 

Even after scientists learned that trans- 
mission was possible over the horizon, they 
were not certain that this medium would 
support the broad band of frequencies needed 
for multichannel telephone or television 
transmission. In the fall of 1953, they 
found that they could transmit 12 voice 
channels over the horizon. 

Television was first successfully transmitted 
over the horizon in 1954 between the 
Holmdel, N. J., laboratory of the Bell 
Telephone Laboratories and the MIT 
Round Hill Research Station near New 
Bedford, Mass., a distance of 188 miles. 

Bell and MIT scientists emphasize that 
this success with over-the-horizon trans- 
mission will probably result in a supplement 





TWO ANTENNAS, one 28 feet and one 5 feet in diameter, at the MIT station near New 
Bedford, Mass., used in receiving over-the-horizon television from the Bell Laboratories 


station at Holmdel, N. J., 188 miles away. 


The larger of the antennas was destroyed by 


one of the hurricanes which took place last year. 
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to, rather than a replacement of, line-of- 
sight radio-relay systems. 

Over-the-horizon signals are not to be 
confused with a similar type of transmission 
known as “ionospheric scatter,” which is 
useful in long-distance transmission of tele- 
graph signals at relatively low frequencies. 
Unlike ionospheric signals, the over-the- 
horizon technique provides signals that are 
useful for the wideband widths required 
for a television picture or by many telephone 
channels. 


11 European Nations Ratify 
Nuclear Research Treaty 


Eleven nations have ratified the Conven- 
tion of the European Organization for Nu- 
clear Research. This UNESCO-sponsored 
treaty, adopted July 1, 1953, by representa- 
tives of 12 countries, went into effect on 
September 29, 1954. Nations which have 
ratified it are Belgium, Denmark, France, 
German Federal Republic, Greece, Nether- 
lands, Norway, Sweden, Switzerland, The 
United Kingdom, and Yugoslavia. In the 
12th country, Italy, ratification procedures 
have begun. 

The European Organization for Nuclear 
Research (known as CERN from its French 
title, Centre European pour la Récherché 
Nucleaire) is now at work at its Geneva, 
Switzerland, headquarters, with a staff 
headed by Felix Bloch, Swiss-born Nobel 
prize-winner who until recently headed the 
Institute of Physics at Stanford University. 

There will be nothing secret about CERN’s 
work. This first demonstration of inter- 
national collaboration in atomic research 
will serve all science in the effort to make 
good use of the secrets of the atom. 


Michigan State Offers 
Symposium on Automation 


Michigan State College, the first of the 
land-grant colleges in the United States, 
commemorates its centennial this year. 
For its contribution to the centennial pro- 
gram, the School of Engineering is sponsoring 
on May 12 and 13, 1955, the sixth of a series 
of ten academic symposia as a means of 
focusing attention on automation, one of the 
most important developments in its entire 
field of engineering. This Centennial Engi- 
neering Symposium is planned to be one of 
broad national interest with programs built 
around a series of general sessions of interest 
to all branches of engineering and a con- 
current series of meetings sponsored by the 
seven individual departments of the school. 

The general symposium theme will be 
‘**Automation—Engineering for Tomorrow.” 
This latest and powerful tool of the engineer 
will be surveyed from its lowly beginnings 
through its present accelerating and far- 
ranging development to its unlimited future 
potentialities in the decades to come. Gen- 
eral sessions held on the morning of May 13 
will be devoted to presentation of two topics 
for discussion, ‘‘Automation—to Date” and 
“Development of Automatic Production 
Facilities.” . Luncheon and banquet speakers 
will include Dr. W. R. G. Baker, vice-presi- 
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dent, General Electric Company, and Dr. 
Eric A. Walker, dean of engineering, 
Pennsylvania State University. Dr. Baker 
will speak on “Automation as an Engineer 
Sees It,” developing his subject from the 
technical point of view. Dean Walker will 
discuss ‘‘Automation—a Look Into the Fu- 
ture” from the philosophical or sociological 
point of view. 

On the afternoon of May 13 each depart- 
ment of the School of Engineering, including 
those departments holding a more compre- 
hensive 2-day meeting, will sponsor its own 
concurrent series of meetings on those special 
themes of automation which will be of con- 
siderable interest to men in its particular 
field. These meetings will present as 
speakers many well-known designers and 
engineers in widely diversified fields. Talks, 
discussions, and panel sessions will be con- 
ducted by these authorities. Participation 
by representatives of national and _ state 
professional associations, societies, and manu- 
facturing groups is assured. 


Airlines Flight Dispatch Uses 
Automatic Reservation Device 


American Airlines announced recently 
that it has begun to use its Magnetronic 
Reservisor, the world’s first fully automatic 
reservations device, to solve another of 
transportation’s problems—the furnishing 
of quick accurate airplane arrival and de- 
parture information to its passengers and the 
general public. 

The reservisor will continue its main job— 
electronic and magnetic control of reserva- 
tions in the New York area for the air line 
(EE, Aug ’52, p 768) while it takes on 
this new task. The addition of “FLIFO” 
(trade name for flight information) will bring 
into action a hitherto unused portion of the 
reservisor’s “memory.” 

Flight dispatch, using a special key- 
board, transmits arrival and departure in- 
formation directly into the reservisor. Basic 


facts are sent in on a regular schedule, and 
revisions are made as needed. Each trans- 
mission, naturally, takes just a fraction of a 
second to complete. The memory, then, is 
loaded and ready for questions. 

If an agent in the main reservations room 
receives a telephone query, she keys her set 
for the flight in question, and then by press- 
ing a set of twin buttons changes the set from 
a reservation-maker to an information-hunter 
She “‘asks” the reservisor, for example, what 
time that flight is arriving. 

Electronics take over, pick up the latest 
word, and flash it back to the set. On 
arrivals, the set tells the agent whether the 
flight is on time, early, or late, and spells this 
out in increments of 5 minutes up to a total of 
1 hour and 15 minutes. 

For departures, the machine informs an 
agent if the flight is routine or delayed, and 
the reasons for the delay. For more compli- 
cated flight decisions, a ‘‘call” button illumi- 
nates, directing the agent to call a central 
position for further word. 

As flight information is introduced into 
the equipment, it is immediately available to 
all customer service agents in the New York-— 
Newark-Idlewild area. Moments after the 
facts are known in the dispatcher’s office, 
agents can be quoting concise uniform in- 
formation. 


Detailed Survey Made 
of High-Altitude Laboratories 


By ski, car, bus, aerial cableway, and train 
scientists throughout the world are climbing 
mountains to at least 42 high-altitude re- 
search laboratories and observatories. 

This is disclosed in a report issued recently 
on the first comprehensive survey of the 
world’s high-altitude research stations. Dr, 
Serge A. Korff, cosmic-ray physicist at the 
New York University College of Engineering, 
New York, N.Y., edited the 100-page 
volume. The Research Division at the 
College of Engineering published the study 


for the Joint Commission on High Altitude 
Research Stations, an agency of the Inter- 
national Union of Biological Sciences and 
the International Council of Scientific 
Unions. 

The report describes every known high- 
altitude research station with the exception 
of those behind the Iron Curtain. Question- 
naires were sent to Soviet Russia, Dr. Korff 
said, but were never returned. 

Cosmic rays, radio astronomy, meteorology, 
astrophysics, botany, terrestrial magnetism, 
and solar radiation are a few of the fields 
which benefit greatly from research at high 
altitudes. 

Although the detailed report covers only 
active stations, 46 additional potential sta- 
tion sites are listed. These include Mt. Etna 
in Sicily, Kilimanjaro in Tanganyika, two 
high passes in Morocco, and several passes, 
summits, and abandoned mining camps in 
the western part of the United States. 


Engineers Develop Techniques 
to Save Construction Man-Hours 


New methods and equipment are helping 
Commonwealth Edison Company to wage a 
winning fight against time and weather as 
the Chicago, IIl., utility nears the completion 
of a new 16-mile underground installation of 
138,000-volt pipe-type cable. 

Utilizing three unsheathed cables in a 
coated steel pipe, the line is being linked to 
two of the company’s generating stations to 
supply power principally to important in- 
dustrial areas of the city. With its 2,000,000- 
circular-mil conductors, it will have the 
country’s highest load-carrying capacity for 
138,000-volt pipe-type cable. 

In planning the $5-million project, Edison 
engineers developed the techniques that are 
now paying time-saving dividends. To 
guard against moisture, special reel-hauling 
trailers with metal enclosures were con- 
structed. Loaded indoors and equipped to 
be placed in service as soon as they arrive on 





IN FLIGHT DISPATCH, operator puts flight information into the reservation machine. By placing the serrated plate 
in the agent set (left), depressing the key for the flight, a circuit is established to the proper spot for recording on a whirling 
magnetic drum. Data are put into the machine by the master agent set shown at right of operator and in close-up. 
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IMPROVED SPLICING methods make it possi- 
ble for two splicers and two assistants to com- 
plete a joint in 60 hours. When work is 
completed, split-sleeve steel casing is pulled 
over the cable and welded together in about 
Three miles of tape, soaked in oil, 
are used for each joining. 


8 hours. 


the job, the trailers have reduced weather- 
caused stoppages to a minimum. They also 
have eliminated on-the-street use of a crane 
unloading and setting up reels of cable, which 
average 13 to 15 tons. 

Cable pulling similarly has been simplified 
by a specially equipped winch truck, which 
tows a boom and trailer-mounted sheave 
wheel to the daily scene of operations. Here, 
too, the mobile units have done away with 
the need of a crane to unload and place heavy 
equipment. 

More hours are being saved by improved 
splicing methods which have made it possible 
for two splicers and two assistants to complete 
a joint in 60 hours. Splicers learned the 
faster technique by attending a week’s train- 
ing course. 

Edison engineers are confident that the 
newest link in their high-tension network will 
prove to be as dependable as its forerunners. 
Back in 1927, for example, the utility was the 
first to put high-voltage oil-filled lead- 
covered cable into commercial service. This 
was in the world’s first underground line to 
operate at 138,000 volts, which doubled the 
previous maximum for such lines. 


Largest Compressed-Air Breakers 
Purchased by Consolidated Edison 


The Consolidated Edison Company of 
New York has announced the purchase of 
11 138-kv outdoor compressed-air breakers 
from the Westinghouse Electric Corpora- 
tion. The breakers will have an interrupt- 
ing capacity of 10-miNion kva. 

These are the first outdoor compressed- 
air breakers of this rating to be built for an 
electrical utility by an American manu- 
Although the breakers will operate 
at air pressures of approximately 350 pounds 
per square inch, they will be practically 
noiseless in operation. Since they will be 
applied in highly congested areas, the use of 
compressed-air breakers is highly preferred 
over the oil-filled designs previously used. 


facturer. 
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“Double Major” Course 
Will Be Given at MIT 


Establishment of a new type of ‘‘double 
major” course in which undergraduates at 
Massachusetts Institute of Technology (MIT) 
may combine studies in science or engineer- 
ing with humanities and social sciences has 
been announced by President James R. 
Killian, Jr. 

For the first time it will be possible for a 
student to obtain a bachelor of science degree 
by qualifying in both liberal arts and tech- 
nological fields. The new plan of study wiil 
be open to freshmen entering MIT next fall. 
It was given final approval by the faculty, 
without dissent. 


Newly Designed Control 
Uses Printed Circuitry Panels 


Printed circuitry and a new simplified 
control system are features of a new line of 
full-wave electronic adjustable-speed drives, 
available at prices approximately 20 per 
cent lower than previous models of the same 
type by the General Electric Company. 
Among the first printed circuitry to be in- 
corporated in industrial control equipment, 
the print-board panels can be visually in- 
spected for circuit faults since the panels are 
equivalent to current-carrying diagrams. 
The panels can be removed and replaced in 
a few seconds’ time. 

The new control circuit uses only a single 
miniature-type control tube, as contrasted 
with three conventional-sized tubes in pre- 
vious models, so maintenance on the equip- 
ment is simplified. The new design has 
isolated a-c control circuits that allow inter- 
connection with a-c drives without the use of 
additional relays. Power tube capacity is at 
least 40 per cent greater: than the full-load 
current of the motor with which it is used, 
providing ample margin for overload and 
assuring longer tube life. The new design is 
available in two ratings, 3/4 to 1 hp, and 1!/,2 
to 3 hp, full wave. 


PRINTED CIRCUITRY for simplified control 
system featured in new line of full-wave elec- 
tronic adjustable-speed drives. 
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Other drives with conventional circuitry 
are available in full- or half-wave models in 
ratings up to 1/2 hp. Full-wave precision 
models are also available in ratings from 
3/4 to 30 hp. 


Television Transmitting Tower 
Erected Atop Mt. Mansfield, Vt. 


Atop the highest point in Vermont, 4,100- 
foot-high Mt. Mansfield, a_ television 
transmitter station has finally brought video 
to more than a half-million “north country” 





WMVT-TV TRANSMITTER — station, located 
on Mt. Mansfield near Burlington, Vt., has 
a coverage of 100 square miles. 


folk previously blacked out in the mountain- 
ous area of upper New England. 

The station, towering above the famed 
skiers’ paradise of the Mt. Mansfield sec- 
tion, is Vermont’s first television station, last 
state in the nation to have television. It 
brings video for the first time into homes in 
portions of four states; northeastern New 
York, Vermont, New Hampshire, and 
Maine. It also penetrates into Canada, to a 
point 50 miles north of Montreal. 

Televising on Channel 3, the station 
WMVT-TYV, is owned and operated by Mt. 
Mansfield Television, Inc., Burlington, Vt., 
20 air miles away. WMVT-TV is a Colum- 
bia Broadcasting System primary affiliate. 

The 50-foot-high transmitter tower was 
constructed to withstand high winds up to 
150 mph, so it was necessary to anchor the 
tower solidly to the rock surface of the moun- 
tain. On top ofthe tower a 4-bay antenna 
was erected, standing 66 feet above the point 
where the tower ends. The bays are elec- 
trically heated in winter time to prevent ice 
accumulations. The tower is connected by 
two 3/8-inch copper feed lines to the trans- 
mitter housed some 350 feet from the base of 
the tower. 

The station contains General Electric 
equipment throughout, and employs a 5-kw 
transmitter, which with the 4-bay antenna 
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obtains an effective radiator power of 18.3 
kw. Two Caterpillar diesel-electric sets pro- 
vide alternate power as needed for the total 
peak load of 48 kw. 

A U. S. Weather Bureau Sub-Station has 
been established with WMVT, and engineers 
on the mountain make regular daily checks 
on weather instruments for the Bureau. In- 
struments include a wind velocity gauge at- 
tached to the television tower itself, thermom- 
eters, and rain and snow gauges installed at 
the transmitter building. 


Low Bidders and Schedules 
Are Determined by Computers 


Methods which utilize high-speed elec- 
tronic computers for quickly and accurately 
determining low bidders on Government con- 
tracts have been developed by the National 
Bureau of Standards (NBS). Now being 
used by purchasing agencies of the Depart- 
ment of Defense, the NBS methods provide 
an exact basis for awarding contracts among 
competing bidders at least cost to the 
Government. Contracts for several million 
dollars worth of soap, paper, insignia, and 
other products have been let on the basis of 
computations carried out on SEAC (National 
Bureau of Standards Eastern Automatic 
Computer), with consequent savings in time 
and costs. 

In general, the analyses required in award- 
ing Goverment contracts are extremely com- 
plex. Although each procurement presents 
its own special difficulties, all have certain 
features in common. For example, in most 
cases the Government buys simultaneously 
for several depots. The different freight 
costs from the factories to the depots enter 
significantly into the cost of the item pur- 
chased; hence, the manufacturer’s bid prices 
must be modified to indicate the true cost 
including. transportation. Also, each manu- 
facturer generally states a maximum quantity 
he is willing to produce, and frequently he 
states a minimum acceptable quantity as 
well. He may quote several prices, depend- 








SEAC COMPUTING ROOM at the National 
Bureau of Standards. Control console is at 
the far end of the room, and to the right are 
several of the external storage units which 
store on magnetic tape such information as 
coded subroutines, instructions to the ma- 
chine, and numerical data, as well as the 
entire coded program for a problem. 
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ing on the quantity award. In fact, he may 
impose any of a wide variety of restrictions 
and conditions on his bid. The problem 
faced by the awarding agency is to deter- 
mine the quantity each manufacturer should 
make and the depots to which he should 
ship his production. The computation 
methods used by the Bureau not only provide 
an exact answer in a short time but also 
determine shipping schedules for each manu- 
facturer so that, for example, the right sizes 
of clothing, properly packaged, reach each 
depot in the required amounts each month. 

The high-speed computation methods now 
being used in determining low bidders have 
resulted from a continuing program of 
research which the Bureau is conducting for 
the Air Force in the mathematical theory of 
linear programming. This new mathemat- 
ical field, in combination with electronic 
computation, provides a speed and accuracy 
previously unobtainable in the solution of 
certain military supply and logistics prob- 
lems. 


Radio Direction Finder 
Is Completely Automatic 


Raytheon Manufacturing Company an- 
nounced recently the development of a new 
automatic radio direction finder which has 
proved itself invaluable in assisting marine 
navigators to determine their exact positions 
in the offshore waterways. 

The Waltham, Mass., electronics firm 
described the device as the first fully auto- 
matic radio direction finder specifically 
designed for marine use. Designated the 
RD-132, it was developed in co-operation 
with the U.S. Coast Guard for use in search 
and rescue missions. Just as an ordinary 
pocket compass points to magnetic north, the 
operator may tune in whatever station he 
desires in the “marine”? band and “beacon 
band, and the needle on the dial will auto- 
matically swing around and point to the 
station to which the set is tuned. 

The tuning range is in two bands: from 
275 to 510 ke, and from 2 to 3'/2 mc. Most 
of the ship-to-shore radiotelephones operate 
within the two frequencies covered by the 
new direction finder, so a vessel equipped 
with the device can quickly locate a ship in 
distress simply by receiving its radio- 
telephone message. Another common use 
is finding one’s position offshore with the 
help of two radio stations or beacons. By 
tuning in one station and then the other, the 
two compass bearings are obtained. 


” 


Network Calculator Available to 
Utilities and Industrial Companies 


A new a-c network calculator has been 
built and put into service by the West- 
inghouse Electric Corporation at their East 
Pittsburgh, Pa., plant. The calculator is 
available to users on a rental basis. 

The new calculator is designed to accom- 
modate the largest interconnected systems 
and power pools that are in existence today. 
There are a total of 668 circuit components 
representing generators, transformers, trans- 
mission lines, and loads. 
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A-C NETWORK CALCULATOR is available to 
utilities and industry on a rental basis. 


The newest feature of the calculator is 
individual load regulation for the 36 genera- 
tor units. A preset value of watt output can 
be held on each generator unit, irrespective 
of the rest of the system. Consequently, 
electrical utility systems set up in miniature 
on the calculator can be operated much like 
their prototypes; a fixed load is set for each 
generator in the system except the “‘swing”’ 
unit, which is adjusted to take up the slack. 
This saves many time-consuming adjustments 
previously required to divide load properly 
among calculator generators. 

All circuit components can be measured 
from either of two instrument desks. The 
calculator can be divided into two complete 
separate units for handling smaller problems. 
The new calculator replaces an earlier model 
built in 1942, which replaced a still earlier 
one installed in 1929. 


“Electronic Supervisor” Developed 
for the Control of Plant Facilities 


A new “electronic supervisor” that follows 
preset programs and automatically switches 
on or off up to 40 groups of remote opera- 
tions—each on its own time schedule—was 
demonstrated recently by the International 
Business Machines Corporation (IBM). 

The new IBM Central Control System 





controls 


PROGRAM ELECTRONIC supervisor 
office and plant operations 
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will switch lights on or off, start and stop 
motors, open and close valves, control air 
conditioning, and perform scores of similar 
operations. Its most advanced application 
will be to start and stop production line 
machinery in automated plants. It is 
expected to facilitate plant and office auto- 
mation. 

An outstanding feature of the new 
central control system is that it uses carrier- 
current signals and operates over existing 
electric circuits. It does not require 
the installation of a single transmission 
wire, 

A second important feature is the central 
operations panel. A _ plant, department 
store, or school building superintendent, for 
instance, can check on his many remote elec- 
trically controlled services by merely glanc- 
ing at the indicator lights on the panel. 
Such automatic control and _ supervision 
permit more economical operation of the 
machinery and services in a plant by utilizing 
them only when they are needed. This can 
result in savings in fuel, water, electric 
power, and other resources. 

The system will go through its operations 
automatically, maintaining the exact 
schedule established on its programs. If it 
is necessary to depart from the preset pro- 
gram, manual operation is possible. A 
supervisor can break in on the control system 
at the central panel, say, to turn on facilities 
for a special night shift; or he can break in at 
the remote relay, perhaps to turn on the 
lights or to stop the motors in a particular 
section of the plant. 

The system utilizes commercial 60-cycle 
power and lighting circuits for the trans- 
mission of its supervisory signals. These 
“command” signals or pulses are superim- 
posed on the existing circuits and in no way 
interfere with regular electrical functions. 

The basic components of the system are its 
central operations panel, transmitter, and 
coded relays. The central operations panel 
is the source of the system’s directions or 
“commands.” Through its relays and an 
electronic transmitter, “command”? puises of 
audio frequencies are sent to coded relays 
for operation of electrical services, with the 
coded relays rejecting all pulses other than 
those to which they are preset to respond. 


MIT Offers Two Special 
Summer Programs for 1955 


To describe the basic role of radar in 
meteorology and to present some of the 
newest concepts, a 2-week special summer 
program on “Weather Radar” will be given 
by the Massachusetts Institute of Tech- 
nology (MIT), Cambridge, Mass., from 
June 14 through June 24, 1955, 

The program will be under the direction 
of Alan C. Bemis, research associate in the 
Department of Meteorology at MIT, assisted 
by J. Francis Reintjes, associate professor of 
electrical engineering and director of the 
MIT Servomechanisms Laboratory; J. 
Stewart Marshall, professor of physics at Mc- 
Gill University; and David Atlas, radar 
meteorologist in the Geophysics Research 
Directorate, Air Force Cambridge Research 
Center. 

**This special summer program,” explains 
Mr. Bemis, “is designed for the short-range 
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forecaster (particularly in aviation), the 
researcher in cloud and precipitation physics, 
the ‘rain maker,’ and the electronics engineer 
interested in the design of weather radar 
systems and associated instruments.” 

Lectures and laboratory studies will in- 
clude such areas of radar meteorology as 
elementary principles of radar, presentation 
and interpretation of radar data, hurricanes, 
tornadoes, and other severe storms, and the 
nature of precipitation echoes and its rela- 
tion to particle motions. If and when 
interesting storms are detected on the radar 
systems, there will be opportunity to observe 
the various radar techniques in operation. 

Although training in meteorology is not a 
prerequisite, such a background will be of 
material aid; in particular, a familiarity with 
the physics of the atmosphere is desirable. 

To consider the physical and engineering 
aspects of high-energy radiations and the 
techniques of applying them to industrial 
purposes, another special summer program 
on “Ionizing Radiations for Industrial 
Processing” will be offered at MIT, June 20- 
24, 1955, 

Professor Ernest H. Huntress, director of 
the MIT Summer Session, points out in an- 
nouncing the program that high-energy 
particles and other radiations from machine 
accelerators and radioactive sources are 
proving of rapidly growing interest to 
industry. 

Dr. John G. Trump, professor of electrical 
engineering, will direct the program, assisted 
by Dr. William W. Buechner and Dr. Robert 
J. Van de Graaff, both associate professors 
of physics; Kenneth A. Wright, staff member 
of the MIT High Voltage Research Labora- 
tory; and other MIT staff members and 
invited guest lecturers. 

Discussions, demonstration lectures, and 
visits to typical radiation sources are planned. 
Lecture topics will include: high-energy 
electrons, ions, neutrons, X rays, and gamma 
rays; interaction of high-energy radiations 
with matter; dosimetry and protection in 
radiation processing; energy and economic 
aspects of irradiation; special applications of 
radiation in industry and medicine. 

Registrants for these special summer 
programs may reserve rooms in the institute’s 
dormitories during the program. All MIT 
recreational facilities, including the swim- 
ming pool and the sailing pavilion on the 
Charles River Basin, will be available for 
their use. 

Full details and application blanks may 
be obtained from the Summer Session Office, 
Room 7-103, Massachusetts Institute of 
Technology, Cambridge 39, Mass. 


Fixed Gunnery Trainer Aids 
in Teaching Fighter Pilots 


The development of a new fixed gunnery 
trainer, a classroom device for teaching 
fighter pilots the tactical use of a modern 
fire control system, was announced recently 
by the Air Research and Development Com- 
mand Headquarters, Baltimore, Md. 

The new flight simulator, officially desig- 
nated F-86D/F-157 Fixed Gunnery Trainer, 
will improve crew quality by providing 
supervised training in basic techniques and 
procedures of air-to-air and air-to-ground 
gunnery. This will allow in-flight practice 
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FIXED GUNNERY TRAINER provides pilots 
with training in techniques and procedures. 


to be devoted to perfection of techniques. 
This trainer was designed and manufactured 
by Rheem Manufacturing Company of 
Philadelphia, Pa., in co-operation with 
Wright Air Development Center, Dayton, 
Ohio. 

The trainer consists of a conventional 
flight simulator, fire control system, spherical 
screen, a target image projection system, 
and an instructor’s console. It employs a 
television pickup and projection system 
to portray a realistic simulation of targets 
and maintains acontinuous true-to-life spacial 
situation between interceptor and target 
regardless of course, speed, or type of maneu- 
ver. Gunnery controls, flight controls, in- 
struments, and flight characteristics are 
identical to those in the F-86 aircraft. 


Transonic-Supersonic Tunnel 
Is Built at Cornell Laboratory 


The Cornell Aeronautical Laboratory, Inc., 
recently announced completion of a new 
wind tunnel that will permit further funda- 
mental and exploratory research in the tran- 
sonic and supersonic speed ranges. 

Project Engineer John G. Wilder of the 
laboratory’s aerodynamic research de- 
partment said that although aircraft capable 
of flight in the transonic and supersonic 
ranges have been built, many basic problems 
of airflow and design remain unsolved. This 
is particularly true in the transonic speed 
range (700 to 900 mph) where mixed sub- 
sonic and supersonic flows exist side by side. 
The new tunnel is now going through a shake- 
down period before actual testing is begun. 
Technically, it is known as a continuous- 
flow vertical-return variable-density tran- 
sonic-supersonic wind tunnel. These fea- 
tures permit the engineer to collect data as 
closely approaching free-flight conditions as 
is presently possible. 

Dimensions of the test section are 1 square 
foot. The tunnel is 46 feet long and 15 feet 
high. The tunnel shell, built at the Quaker 
City Iron Works, Philadelphia, Pa., weighs 
about 20 tons. Speed rarige of the new 
facility will be from Mach number 0.8 (high 
subsonic) to 2.8 (more than 2!/2 times the 
speed of sound). 


ELECTRICAL ENGINEERING 














LETTERS TO 


INSTITUTE members and subscribers are invited 
to contribute to these columns expressi of opini 

dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 





Pickups and Accelerometers 


To the Editor: 


Readers interested in the absolute calibra- 
tion of pickups and accelerometers by the 
method described on page 269 of the March 
1955 Electrical Engineering may find some 
benefits in the paper, ‘“The Absolute Cali- 
bration of a Brush Accelerometer and Its 
Response to Square Waves of Displacement 
and Velocity.”” This appeared in Transac- 
tions, American Geophysical Union, vol. 31, 
no. 5, October 1950, pp. 690-5. 


PIERRE M. HONNELL 


(Washington University, St. Louis, Mo.) 


Calculating Electrodynamic Forces 


To the Editor: 


A letter entitled “Dean Harrington’s 
Omission” by G. B. Kholiavskii appeared in 
Elektrichestvo, April 1954, pages 82-3. The 
letter referred to my paper, ‘Forces in 
Machine End Windings,” AIEE Tvransac- 
tions, October 1952, pages 849-58. Follow- 
ing my letter is a translation of this letter. 

Mr. Kholiavskii’s letter makes reference to 
his paper ‘“‘Grapho-Analytical Method of 
Determining Electro-Dynamic Forces in 
High-Voltage Apparatus,” which appeared 
in Elektrichestvo, no. 6, 1950, pages 58-62. 
I have had his paper translated into English 
and am prompted to make the following 
comments: 


1. My 1952 AIEE paper did not refer to 
his 1950 paper. It is easy to understand how 
he could feel that an injustice had been done, 
inasmuch as my paper followed his by 2 
years. The fact is that I was unaware of his 
paper until, quite by accident, one of my 
associates recently noticed a reference to his 
letter in Elektrichestvo. 


2. I consider that these two papers, Mr. 
Kholiavskii’s and mine, constitute an inter- 
esting example of independent action along 
parallel paths. It is even possible that the 
work reported in the Russian paper was being 
done at the time when R. L. Flower and I 
were making the study reported in my 1952 
paper. Our study was in process during the 
period between June and November, 1947. 

Independent action in two distant coun- 
tries serves to demonstrate the interest in 
electromagnetic forces on current-carrying 
conductors, 


3. Mr. Kholiavskii’s paper represents 
general force relations for current-carrying 
conductors and constitutes an additional 
reference on the subject. His paper refers to 
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stood to be made by the writers. Publication here 
in no wise constitutes endorsement or recognition 
by the AIEE. All letters submitted for publication 
should be typewritten, double-spaced, not carbon 
copies. Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations. 


three Russian papers which are listed here 
for the record, 

(a) Vestnik Eksperimental’noi u Teoreti- 
cheskoi Elektrotekhniki, V. B. Romanovskii. 
no. 5-6, 1931 (in Russian). 

(6) High-Voltage Engineering and Power 
Transmission, A. A. Smurov. Vol. 3, 
ONTI, 1935 (book in Russian). 

(c) The Foundations of Electrical-Machin- 
ery Construction, A. Ia. Builov. Gosener- 
goizdat, 1946 (book in Russian). 

Inasmuch as no reference was made to any 
of the four Russian papers in the discussions 
of my paper in 1952, it seems safe to assume 
that this letter to you will serve as the first 
American reference to them. 


4. Comparing the two papers, there are 
areas of overlapping and there are differences 
in approach. Mr. Kholiavskii’s paper dealt 
with forces between various combinations of 
straightline conductors. My paper was 
concerned particularly with the problem of 
the evaluation of forces on machine end 
winding conductors. 


DEAN HARRINGTON 
(General Electric Company, Schenectady, N. Y.) 


(Translation of letter to the editor appearing in 
“‘Elektrichestvo”, April 1954, pages 82-3.) 

A paper by Dean Harrington entitled 
‘Forces in Machine End Windings’ de- 
scribes a method for calculating electrody- 
namic forces used in designing the windings 
of impulse generators for the General Electric 
Laboratory. Although the author of that 
paper mentions that the method was de- 
veloped with the help of other General 
Electric engineers, it can be readily shown 
that the main underlying principle of the 
method is the same as that proposed by me in 
1950. 

My method is based on the calculation of 
dimensionless “‘circuit coefficients” which de- 
termine, for a given geometric arrangement, 
the electrodynamic forces between two sec- 
tions of conductors carrying current. The 
entire circuit is replaced by a series of 
straight segments. The circuit coefficient for 
two segments are differently arranged (seg- 
ment acted upon—/, acting segment—2). 
They are determined by constructing on seg- 
ments 7 and 2 a quadrilateral (for parallel 
segments, a trapezoid), and introducing in 
the formulas the length of the diagonals (D, 
and D,) and sides (5; and S;) of these quadri- 
laterals and nonparallel segments. Also, 
the projections of these diagonals and sides 
on the directions of the segments 2 and 7 are 
introduced. I have shown that in this case 
most of the formulas of practical importance 
may be reduced to a few (two or three) 
universal formulas having a simple structure 
of the same type. 

Thus, for any arrangement of parallel seg- 
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ments, the formula for the circuit coefficient 
has the following form 


(D,+D2)—(Si +83) 
kij,,=k2/,= H 





where H is the height of the trapezoid (dis- 
tance between segments ). 

For any finite segments in one plane which 
include an angle a@ the formula (using 
abbreviated notation) has the form 


1 Dy. B® ..2 
hiy,= = 


D,.D2** 
sin @ S,.S2 tga n 


SS: 





where the upper-right-hand sign indicates 
that the length of each diagonal D or side S is 
supplemented by the length of its projection 
on the direction of the segment 7 or 2 with a 
plus or minus sign. 

For perpendicular segments, this formula 
is reduced to 


D,. D3? 
S,.Ss 


Harrington’s paper repeats without any 
references in the text or in the bibliography 
the derivation and formula for parallel 
finite segments in the same form as given in 
my paper published in 1950 in Elektrichestvo. 
True, the author does not call the rays 
diagonals and sides of a quadrilateral and 
denotes them by letters at random. This, 
of course, does not change the underlying 
principles, except that it makes the formulas 
less clear. For inclined segments, the author 
gives formulas having the same structure as 
the above universal formula in my paper, 
repeating it without derivation several times 
for different arrangements of the inclined 
segment. 

Attention is called to the extreme similarity 
between Fig. 8 in Harrington’s paper and 
Fig. 8 of my own paper, although Harrington 
confines himself to the less general case of a 
semifinite acting conductor. 

The formulas given in Harrington’s paper 
for skewed conductors are of interest, but 
only of relative importance because they 
practically give only the projection of forces 
on a certain plane. 

It is also noteworthy that Harrington, in 
his paper published in 1952, confines himself 
to a consideration of the total force on the 
entire segment. He gives no formula for 
determining the point of application of the 
resultant of the electrodynamic forces. 
Apparently, Harrington used only the 
material published in my paper in 1950 (the 
content of which he had been able to become 
acquainted with) since he did not draw the 
conclusions following from the content of my 
other paper devoted to the same problem. 
In the other paper I derived formulas for 
determining the point of application of the 
resultant of the electrodynamic forces, as 
well as general formulas for inclined finite 
segments. 

The absence in Harrington’s paper of any 
reference to the U.S.S.R. literature, where 
the method of calculation of electrodynamic 
forces was published more than 2 years 
previous to the publication of his paper (and 
in many cases in a more complete and syste- 
matic form), is a very regrettable “‘omission”’ 
by Dean Harrington and the editors of AIEE 
Transactions. 





kis, =In 


G. B. KHOLIAVSKII 
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NEW BOOKS ececee 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented by the publishers. The Institute assumes no 
ponsibility for stat ts made in the following 
for which is taken from the 
prefaces of the books in question. 
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THE APPLICATION OF RESULTS OF RESEARCH. 
Compiled and edited by Vera Connell. Academic 
Press Inc., 125 East 23rd Street, New York 10, N. Y., 1954. 
212 pages, 8*/« by 58/4 inches, bound. $5. Originally 
given as a report to the 1952 British Commonwealth 
Scientific Conference, this book has been brought up 
to date for publication. The main text reviews methods 
used and obstacles to be overcome in putting results of 
research into practice in industry and agriculture. A 
statement of principles and recommended procedures is 
included. Extensive appendixes describe the research 
institutes of the Commonwealth countries and discuss 
methods used by each to encourage application of re- 
search results. 


ATOMIC ENERGY AND ITS APPLICATIONS. 
By J. M. A. Lenihan. Pitman Publishing Corporation, 
2 West 45th Street, New York 19, N. Y., 1954. 265 
pages, 7'/2 by 5 inches, bound. $4. A simplified 
account of the fundamentals of nuclear science and its 
present and potential applications in medicine, science, 
and industry. Written for specialists in other fields, 
the book assumes a knowledge of college physics. 
References for further study are given at the end of each 
chapter. 


CONTROL-SYSTEM DYNAMICS. By Walter R. 
Evans. McGraw-Hill Book Company, Inc., 330 West 
42nd Street, New York 36, N. Y., 1954. 282 pages, 
91/4 by 6!/¢ inches, bound. $7. The analysis of the 
dynamic response of linear systems is the main theme of 
this book. Problems of design, typical components, and 
physical and mathematical concepts involved in control 
systems are treated, and the La Place transform, fre- 
quency-response, root-locus, and other methods of 
analysis are discussed and applied to a variety of prob- 
lems. The root-locus method, developed by the author 
is applied in separate chapters to the solution of multiple 
loop systems and circuit analysis. The final chapter 
discusses graphical analysis of nonlinear systems. A 
brief bibliography is included. 


DIELECTRICS AND WAVES. By Arthur R. von 
Hippel. John Wiley and Sons, Inc., 440 Fourth 
Avenue, New York, N. Y., 1954. 284 pages, 111/4 by 
8*/< inches, bound. $16. In this treatise intended for 
physicists, chemists, and engineers, dielectrics are 
identified as any material considered in interaction with 
electric, magnetic, or electromagnetic fields. The 
microscopic and molecular approaches form the two 
parts of the study. Part one introduces complex per- 
mittivity and permeability as fundamental parameters, 
and discusses essential field concepts, propagation of 
electromagnetic waves, and measuring techniques. 
Part two deals with the action of induced and permanent 
electric and magnetic moments from atoms and mole- 
cules to the condensed phases, and surveys the formation 
and behavior of mobile charge carriers. 


ELECTROMAGNETIC THEORY. By V. C. A. 
Ferraro. Athlone Press, London, England, (distributed 
in U. S. by John de Graff, Inc., 64 West 23rd Street, 
New York 10, N. Y.) 1954. 555 pages, 88/4 by 58/4 
inches, bound. $7. This book gives an account of the 
subject from a mathematical point of view and uses 
vector methods throughout. The material is presented 
in three divisions dealing with electrostatics and magne- 
tostatics; solution of boundary value problems; and 
electrodynamics. Treatment is in sufficient detail to 
meet the requirements of candidates for a first degree in 
mathematics, 


FIBERGLAS REINFORCED PLASTICS. By Ralph 
H. Sonneborn and others. Reinhold Publishing Cor- 
poration, 430 Park Avenue, New York 22, N. Y., 1954. 
240 pages, 8*/4 by 58/4inches, bound. $4.50. Discusses 
materials, properties, manufacturing processes, machin- 
ing and finishing, designing, and applications. A 
second part consists of two contributed chapters, one a 
mathematical treatment of design theory, the other a 
consideration of design from the strength, weight, and 
economic standpoints, Appendixes provide a glossary 
and selected bibliography. 
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ASTM STANDARDS ON COPPER AND COPPER 
ALLOYS. American Society for Testing Materials, 
1916 Race Street, Philadelphia 3, Pa., 1954. 584 pages, 
9 by 6 inches, paper. $5. This compilation brings to- 
gether in convenient form 123 standards covering specifi- 
cations for electrical conductors; plate, sheet, rolled bar, 
and strip; rod, bar, and shapes; wire; pipe and tube; 
ingot; sand and die castings; filler metal; and methods 
of test for copper and copper alloys. Standards are 
arranged in numeric sequence with a subject index. 


ELECTRIC POWER STATIONS, VOLUME I. By 
R. H, Carr. Chapman and Hall Ltd., London, Eng- 
land, fourth edition, 1954. 605 pages, 88/4 by 58/4 
inches, bound. 70s, This book deals with general 
principles governing design, construction, and oper- 
ation. The major topics discussed are fundamentals of 
station design, sites and buildings, circulating water sys- 
tems, cooling towers, coal-handling plant, ash-handling 
plant, boiler plant, pipework, and turbines. There are 
chapter bibliographies. 


ELECTRIC TRACTION. ByA.T. Dover. Sir Isaac 
Pitman and Sons, Ltd., London (distributed in U. 8. by 
Pitman Publishing Corporation, 2 West 45th Street, 
New York 19, N. Y.), third edition, 1954. 441 pages, 
91/4 by 6/4 inches, bound. $12.50. Covers the dis- 
tribution and application of electric power to railway 
trains, streetcars, and trolley buses. Essential principles 
of mechanics of train movement, traction motors, track 
construction, overhead construction, and related topics 
are discussed and illustrated by examples of railway and 
road vehicles and their equipment. 


ELECTROACOUSTICS, (Harvard Monographs in 
Applied Science, no. 5). By Frederick V. Hunt. Har- 
vard University Press, Cambridge, and John Wiley and 
Sons, Inc., 440 Fourth Avenue, New York 16, N. Y., 
1954. 260 pages, 8'/3 by 5/4 inches, bound. $6.00. 
Includes an historical account of electroacoustical trans- 
duction, a new method for the analysis of electrostatic 
and electromagnetic systems of electromechanical cou- 
pling, and examples of this method as applied to moving- 
conductor (dynamic), electrostatic, and moving-arma- 
ture (magnetic) transducer systems. There are biblio- 
graphical footnotes. 


INTRODUCTION TO ATOMIC PHYSICS. By 
Otto Oldenberg. McGraw-Hill Book Company, Inc., 
330 West 42nd Street, New York 36, N. Y., second edi- 
tion, 1954, 421 pages, 9!/4 by 61/4 inches, bound. 
$6.00. A textbook for students with a year of physics 
and familiar with the elements of chemistry. Empha- 
sizing the relation between theory and observed fact, 
the book treats the subject under the following broad 
headings: the structure of matter, gases, structure of 
electricity, structure of light, electronic structure of 
atoms nuclear structure, and the wave nature of matter. 


INTRODUCTION TO OPTICS. Geometrical and 
Physical. By John K. Robertson. D, Van Nostrand 
Company, Inc., 250 Fourth Avenue, New York 3, 
N. Y., fourth edition, 1954. 416 pages, 9¥/4 by 61/« 
inches, bound. $6.00. This is an intermediate text- 
book with a large portion of the text devoted to wave 
motion and its ramifications in light, but with attention 
paid to quantum ideas. The revision incorporates dis- 
cussion of nonreflecting glass surfaces, interference filters, 
the phase contrast microscope, and other topics, and a 
chapter on the velocity of light has been added. 


LIGHTING FOR COLOR AND FORM. By Rollo 
Gillespie Williams. Pitman Publishing Corporation, 
2 West 45th Street, New York, N. Y., 1954. 340 pages, 
91/4 by 6 inches, bound. $8.50. A four-part study of 
the scientific facts concerning light and color, in combi- 
nation with psychological and emotional values. It 
deals with basic principles of light, color perception, and 
illumination contro] and computation; light sources, 
color equipment, dimmers and controls; psychological 
and aesthetic factors; and applications in such fields as 
architecture, television, advertising, and display. 


NUMERICAL ANALYSIS. By D. R. Hartree. Ox- 
ford University Press, 114 Fifth Avenue, New York 11, 
N. Y., 1952. 287 pages, 91/2 by 61/4 inches, bound. 
$4.80. A logical treatment of algebraic and analytical 
processes for getting certain numerical results from cer- 
tain given data. Skipping the elementary arithmetical 
operations but avoiding the higher analytical pro- 
cedures, the book keeps to the middle ground useful to 
engineers and research workers, methods for checking 
accuracy of results are provided, and there is a final 
chapter on organization of calculations for automatic 
digital calculators. 
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PAMPHLETS eecceee 


The following recently issued pamphlets may be of 
interest to readers of ‘‘Electrical Engineering.’”’ All 
inquiries should be addressed to the issuers, 


EJC General Assembly Proceedings. 
These are the Proceedings of the General 
Assembly of Engineers Joint Council (EJC) 
held at New York’s Statler Hotel, January 
21, 1955. Included are panel presentations 
on: nuclear engineering, employment con- 
ditions, engineering manpower, and EJC 
service opportunities; the luncheon address 
of Dr. Dael Wolfle, director, Commission on 
Human Resources and Advanced Training, 
and administrative secretary, American 
Association for the Advancement of Science, 
“Competitive Demands for High Grade 
Manpower;” and the dinner address of 
Donald A. Quarles, “‘Engineers and Our 
National Well Being.”’ Dr. Quarles’ address 
was in the April Electrical Engineering. . He 
is Assistant Secretary for Defense, Research 
and Development. $1.00. Requests with 
remittances should be addressed to En- 
gineers Joint Council, 29 West 39th Street, 
New York 18, N. Y. 


Augmented Networks. A method for in- 
creasing output by adding similar sections to 
the basic L-section network is described in 
this report from the Naval Research Labora- 
tory. Each added L-section, incorporating 
integral multiples of the same components 
used in the original section, is connected 
across the previous series arm, instead of 
across the shunt arm as in cascaded networks. 
To study the characteristics of such aug- 
mented networks, experimenters used a re- 
sistance-capacitance low-pass as the basic 
L-section. Its performance is compared 
graphically to that of the corresponding aug- 
mented and doubly augmented networks for 
sinusoidal, impulse, step, and ramp function 
input signals. Mathematical derivations are 
included. 28 pages. $.75. Send to Office 
of Technical Services, U. S. Department of 
Commerce, Washington 25, D. C. (Com- 
merce Building, Room 6227.) Code number 
of report is PB 111290. 


Human Relations and Management; Mo- 
tion Pictures for Industry. Solutions to 
many problems in personnel management 
and supervision may be found in this 240- 
item bibliography which combines in one 
pamphlet a classified, descriptive list of 
audio-visual aids—motion pictures, film 
strips, and recordings. The booklet is a 
valuable guide for personnel managers, in- 
dustrial leaders—everyone who must deal 
with human relations problems in the con- 
duct of business. Subjects covered by the 
films are: securing employee co-operation, 
disciplining, handling grievances, giving in- 
structions, organizing work, creating and 
maintaining worker interest, selecting per- 
sonnel, building morale, counseling, and con- 
ducting conferences. Descriptions are suffi- 
ciently detailed to indicate the best uses of 
the items, and sources are given from which 
they may be obtained. 26 pages. $1.00. 
For a copy of this bibliography send to the 
Office of Technical Services, U. S. Depart- 
ment of Commerce, Washington 25, D. C. 
(Commerce Building, Room 6227.) Report 
code number is PB 111233. 
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Here's What's N 


in Vitamin Q 
Capacitors 


Now YOU CAN HAVE Sprague’s famous 
subminiature paper capacitors in new styles that 
make vibration-proof mounting simple...make 
harness wiring faster. New straddle milled flats 
on standard threaded neck units let you insert 
the neck in flatted openings. A simple nut and 
lock washer permanently locks the capacitor to 
the chassis. In addition, you can now obtain 
Sprague subminiature paper capacitors with 
solder tab terminals, eliminating the problem 
of splicing leads to wires. Insulating outer 
sleeves for 125°C mounting are also available. 

Sprague’s Vitamin Q capacitors are available 
in ratings and mechanical designs far beyond 


WORLD’S LARGEST CAPACITOR MANUFACTURER 


NEW 


subminiature paper capacitor 
mounting styles speed and simplify 
circuit assembly with— 


@ Flatted Necks 


@® Solder Tab Terminals 


@ Insulating outer sleeves 





for 125°C applications 


those called for in specification MIL-C-25A. 
For example, both inserted tab and extended 
foil designs are available in working voltage 
ratings up to 1000 vdc. 

Positive hermetic closure is assured by glass- 
to-metal solder seals, which unlike rubber 
compression-type terminals, cannot be twisted 
during wiring assembly. 

Complete information on Sprague subminia- 
ture paper capacitors in all thirteen case styles, 
is provided in Engineering Bulletin 213C, avail- 
able on letterhead request to the Sprague 
Electric Company, 32 Marshall Street, North 


Adams, Massachusetts. 












Sprague, on request, will provide 
you with complete appiication engi- 
neering service for optimum results 
in the use of subminiature paper 
Export for the Americas: Sprague Electric International Ltd. capacitors. 
North Adams, Mass. CABLE: SPREXINT 
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‘Our Welding Machines were repeatedly 


heing shutdown .. until we changed to 
Fusetron Fuses’’ 


“They eliminated production losses due to needless fuse blows.” 


“Our service shop is headquarters for the Detroit area 
of Fruehauf’s operation. Trucks, tractors and trailers come 
in for repairs. 


“As you know, motor carriers don’t make money if they 
aren’t hauling freight. It’s our job to have the equipment 
rolling — and fast! 


“But we were having trouble with shutdowns. Ordinary 
60 ampere fuses were constantly blowing on our welding 
machines. We have 12 of these machines — that can be 
connected to 60 ampere switches located throughout the 
shop. 





“Since many major repair jobs require welding, these 
shutdowns were really a serious problem for us. 


“In an effort to avoid these shutdowns, we installed 
Fusetron fuses. Since changing, there hasn’t been any 
needless fuse blowing on the welders. Fusetron fuses 
completely eliminated the trouble.” 


Clyde Parklnd CHIEF ELECTRICIAN 


Detroit Branch * Fruehauf Trailer Company, 
Detroit, Mich. 
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To Electrical and Safety Engineers 
Fusetron Fuses Offer Maximum Safety 


The 100,000 amp. interrupting 
rating of Fusetron fuses is apace 
with the high capacities of today’s 
network systems — and they are 
adequately safe to meet future 
circuit growth. 





Fusetron fuses reduce the ex- 
pense of damaged equipment and the danger of 
fire and other hazards that can result from electri- 
cal faults because — they protect against short- 
circuits, harmful overloads and single phasing. 


To Production Engineers 
Fusefron Fuses Offer Increased Production 


Down-time is reduced, because 
Fusetron fuses wipe out needless 
blows caused by harmless over- 
loads or excessive heating of 
panels or switches. 





HERE’S WHY FUSETRON FUSES 
GIVE ALL-PURPOSE PROTECTION 


A fuse link combined with a thermal cutout — 
the result, a fuse with tremendous time-lag and 
much less electrical resistance and an interrupting 
rating in excess of 100,000 amps. 


They have the same degree of Underwriters’ 
Laboratories approval for both motor-running 
and circuit protection as the most expensive 
devices made. 


Made to same dimensions as ordinary fuses, 
FUSETRON Fuses fit all standard fuse holders. 


Obtainable in all sizes from 1/10 to 600 
ampere, both 250 and 600 volt types. Also in plug 
types for 125 volt circuits. 


Their cost is surprisingly low. 


Write for bulletin FIS. 






To Maintenance Engineers 
Fusetron Fuses Offer Savings 
in Time and Work 





Once properly installed, Fusetron fuses require 
no periodic inspection or down-time necessary 
on mechanically operated devices. 


They protect against irritating interruptions of 
regular maintenance caused by needless blows. 
Unnecessary repair work is reduced because — if 
trouble occurs, Fusetron fuses open and warn of 
danger before motors or equipment are damaged. 


Panels and switches are protected against 
damage due to poor contact heating. 


To Top Management 
Fusetron Fuses Offer 
Reduced Costs 


Fusetron fuses cut maintenance costs because 
they are maintenance free — they increase life of 
equipment by guarding against damage caused by 
electrical faults — and they lower production 
costs by eliminating shutdowns due to needless 
blows. 





They save waste of space and money by per- 
mitting use of proper size panels and switches, 
instead of oversize. 








FOR LOADS ABOVE 600 AND 
UP TO 5,000 AMPS .. . USE 
BUSS HI-CAP FUSES... 


They have unlimited interrupting capacity to 
handle any fault current regardless 
of system growth. 


They can be coordinated with 
Fusetron fuses on feeder and 
branch circuits to limit 
fault outages to 
circuit of origin. 








Write for 
bulletin HCS. 











FUSETRON isa 
trademark of the 
Bussmann Mfg. Co., 













Play Safel install Fusetron and BUSS Hi-Cap 
Fuses throughout the entire Electrical System. 


TRUSTWORTHY NAMES IN 


ELECTRICAL PROTECTION 
BUSSMANN MFG. CO. (Division of McGraw Electric Co.) 


UNIVERSITY AT JEFFERSON ST. LOUIS 7, MO. 
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announces... 


the Type 44 Recorder 


designed specifically 
to do what you asked for" 


YOU ASKED FOR: 


New Performance Standards 


FACT—Type 44 Recorder has new, iron-core meas- 
uring mechanisms which develop twice the torque of 
previous designs. This provides faster response, high- 
er fidelity under all operating and load conditions. 


Ease of Use and Service 


FACT—all parts fully accessible from front of re- 
corder, a particular advantage in flush switchboard 
mounting. 


Less Mounting Space 


FACT—recorder has highest ratio of scale width to 
panel area, is attractive in appearance. 


Dependability 


FACT—extremely high overload capacity reduces 
danger of burnouts, promotes longer life. All mecha- 
nisms self-shielded against stray magnetic fields. 


Economy 


FACT—long charts and large ink capacity permit 
operation for greater unattended periods. 


Increased Availability 


FACT—carefully coordinated, flexible design permits 
use of a few basic mechanisms for most applications. 
These are kept in stock to facilitate prompt delivery. 
Three kinds .. . flush mounted, projection mounted, 
or portable . . . available to handle watts, vars, a-c 
voltage and current, d-c voltage and current, 
frequency and power factor. 


FOR MORE FACTS: CALL The Man With The Facts... 
your Westinghouse sales engineer. Or, get your copy 
of the facts booklet, B-5779, by writing directly to 
Westinghouse Electric Corporation, 3 Gateway Center, 
P. O. Box 868, Pittsburgh 30, Pennsylvania. 


*As determined by a user survey of engineers and operating 
men in all industries. J-40479 





Reliable Recording —high-torque 
mechanism designs assure accurate, 
dependable recording. Performance 
is well within the requirements of ASA 
Specification No. C 39.2 for recording 
instruments of the 1% accuracy class. 


Convenient—all parts fully accessible 
from front of recorder, a distinct ad- 
vantage in flush switchboard mount- 
ing. All moving elements are of unit 
construction, can be removed without 
disturbing the field circuit. 







Protection— extremely high overload capac- 
ity is designed into these instruments. For 
example, improved insulation, conductors, 
and connections make it possible for the a-c 
current circuits to carry 100 times rated 
current for short overloads. 
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PROUDLY 


ANNOUNCES 






UNI-BUS 


BUSWAY 


A New Concept in busway systems that obsoletes all 
other methods of carrying current. 


* Low Voltage Drop in PLUG-IN AND FEEDER 
TYPES. 


* High Short Circuit Strength. in PLUG-IN AND 
FEEDER TYPES. 


* ONE FLEXIBLE FITTING makes elbows, offsets 
—simplifies engineering and eliminates costly 
delays. 


* COMPLETE SAFETY because live bus bars at 
plug outlets and live connections in plugs are 
eliminated. 


BETHLEHEM, 


PENNSYLVANIA 


























INDUSTRIAL 


-Merger Planned. Plans for the merger 
of Daystrom, Inc., and Weston Electrical 
Instrument Corporation have been an- 
nounced, The plan is subject to formal 
approval of the agreement of merger by 
directors and stockholders of both com- 
panies. Terms of the merger call for the 
issuance of one share of Daystrom stock for 
each share of Weston. The merger is ex- 
pected to produce mutual advantages. 
Daystrom’s activities have been increas- 
ingly devoted to the electronic and elec- 
trical field and the Elizabeth, N. J., firm 
now has approximately 55 per cent of its 
sales in electronic and allied equipment. 
Weston has been a leading manufacturer of 
electric instruments. 


General Electric Notes. The General 
Electric Company has established an 
atomic organization for the design, de- 
velopment, manufacture, and marketing of 
atomic power equipment. Formation of 
this atomic power equipment department, 
within the Atomic Products Division, cen- 
tralizes all company activity devoted to 
peacetime uses of atomic power. Francis 
K. McCune, for a time, will head the new 
department as acting general manager. 
Components under the department and 
their heads include: atomic power study, 
Bruce R. Prentice, manager; industrial 
atomic products study, Vice-Admiral Wil- 
lard A. Kitts, III, United States Navy 
(retired), manager; engineering and oper- 
ating section, F. K. McCune, acting man- 
ager; marketing section, Oswald B. Falls, 
Jr., manager. 

A new multimillion dollar plant is being 
planned in Tyler, Tex., for the manufac- 
ture of home-cooling units. Upon com- 
pletion of the new plant in the fall of 1956, 
the company will have three facilities de- 
voted to home-cooling equipment. Sev- 
eral hundred persons will be employed for 
plant operations, most of whom will be 
hired in Tyler. 


Reeves Elected President. Beauford H. 
Reeves was elected president and general 
manager of Rockbestos Products Corpora- 
tion, New Haven, Conn., at a special 
meeting of the company’s board of direc- 
tors. He succeeds the late Arthur Gove 
Newton who died suddenly on March 3, 
1955. Mr. Reeves has been vice-president 
and general manager of Rockbestos since 
1936. He has been with Rockbestos since 
1923, first joining the wire and cable com- 
pany as an engineer. 


Westinghouse Lamp Division Expands. 
Work has been started in Fairmont, W. 
Va., on an expansion and renovation 
program at the glass works of the Westing- 
house Lamp Division plant that will cost 
more than $250,000 and result in even 
more steady employment than in the past. 
The installation and rearrangement of 
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glass-making equipment will enable the 
company to increase the types of glass 
manufactured at Fairmont. The manu- 
facture of all glass tubes used in the produc- 
tion of Westinghouse fluorescent lamps are 
made exclusively at Fairmont, as well as 
the glass stem and exhaust tubing used in 
the manufacture of incandescent bulbs. 


Minnesota Mining Appointments. 
Robert V. Holton has been named general 
manager of the Electrical Products Divi- 
sion, Minnesota Mining and Manufactur- 
ing Company. Mr. Holton joined the 
company in 1943, and hecame sales man- 
ager of electrical tapes in 1948. Since 
1953 he has been general sales manager of 
the division. 

Leonard A. Johnson has been named 
general sales manager of the Electrical 
Products Division. He has been sales 
manager of electrical products, mainte- 
nance, and construction trades, since 1950. 

Dr. Wilfred W. Wetzel has been ap- 
pointed general manager of the Magnetic 
Products Division. Since 1948 he has been 
technical director of the Magnetic Products 
Division. 


New Federal Switchgear Plant. The 
completion of Federal Pacific Electric 
Company’s plant at Scranton, Pa., for the 
manufacture of a fully integrated line of 
low- and high-voltage distribution equip- 
ment has been announced. Modern lines 
of unit substations, low-voltage and metal- 
clad switchgear, motor control centers, and 
bus ducts are being manufactured. This 
plant will also headquarter the Eastern 
Switchgear Division, under the direction 
of E. A. Williams. 


Automation Division Announced. An 
Automation Division for design and 
engineering connected with the manufac- 
ture of electromechanical assemblies has 
been formed by the Radio Condenser 
Company, Camden 3, N. J. Consisting 
of design and production specialists repre- 
senting the various fields of engineering, 
the new group will: design its own electro- 
mechanical assemblies to fit customers’ 
automation programs; and on the basis of 
such designs, determine how to make the 
company’s production automatic. The 
new division will be headed by Joseph S. 
Robb, director of engineering, and Edward 
J. Penberthy, sales manager. 


Design Offices Consolidate. Whitman, 
Requardt and Associates, consulting engi- 
neers of Baltimore, Md., have consolidated 
all their design offices at one location on 
the fourth and fifth floors of the Loyola 
Federal Building at 2 West Preston Street, 
Baltimore 1. The executive offices remain 
at 1304 St. Paul Street, Baltimore 2. 


(Continued on page 22A) 





Closely Regulated 
D-C Power Source of 


Permanent 
Stability § 
k CY 


For mobile or 


>! 
stationary use e \ } 


STAVOLT® 
POWER 


RECTIFIERS 


¢ Greatly simplified circuit with 
fast responding magnetic con- 
trol of highest reliability. 


* No warm-up time, no hunting or 
drifting. 

* Lighter weight, more compact, 
rugged and field proven. En- 
capsulated components. 


* 11 standard models up to 1500 
amps. Meets Spec. MIL-E-7894. 


Write for interesting information 
on STAVOLT rectifiers. 


McCOLPIN-CHRISTIE CORP. 


Specialists in Rectifier Manufacturing for 26 Years 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 





Metal-clad switchgear. Horizontal drawout air circuit breakers in rigid, all- 
welded enclosures. Available in ratings from 2400 v through 15 kv—S50 through 
500 mva interrupting and 2000 amp continuous. 


NEW CONSTRUCTION ECONOMY TIP: 


Isolated phase, metal-enclosed bus. For Nonsegregated phase, metal-enclosed bus. For switch- 
power generating stations. Available in ratings gear connections. Available in ratings 600 v through 6000 
through 69 kv and 10,000 amp. amp; 5, 7.5 or 15 kv through 5000 amp. 


Please mention ELECTRICAL ENGINEERING when writing to advertisers May 1955 








Unit substations. I-T-E primary and secondary unit sub- 
stations can be supplied for any application—indoor and 


outdoor—and in any standard rating. 


Low voltage switchgear. For circuit protection. Commercial buildings, 
manufacturing plants, generating stations. Ratings through 600 v a-c, 250 
v d-c, 6000 amp continuous, 15,000 through 150,000 amp interrupting. 


BUY AN I-T-E “POWER PACKAGE” 


Coordinated engineering, delivery and 
installation means a better investment 
An I-T-E “power package” includes the complete power handling facilities 


you need for a new construction project, building addition, or simple expan- 
sion of electrical service—one unit or a complete system for every application 








Individual breakers. I-T-E large air circuit 
breakers are available in a wide range of types 
and ratings, 600 v a-c, 250 v d-c, 750 v d-c. 


from generation to end use. You save many ways: 


Sound planning. Talk with your local I-T-E application engineer about your 
general power requirements before you build. He'll work with you to deter- 
mine the equipment needed to assure complete protection with greatest 
economy in total investment, operating costs, and construction time. 


Easier installation. Before you begin construction, I-T-E will supply you 
with arrangement and channel base drawings. Equipment is factory assembled, 
tested and ready to install. Standardized frames and panel elements assure 
that future additions to your switchboard will match and line up. 


Coordinated delivery. Shipments are made from I-T-E according to a pre- 
determined schedule. Each part of the complete “power package” is delivered 
to the job when needed. This saves delays and eliminates inconveniences. 


Assured performance. Since I-T-E will supply all equipment—pre-engineered 
—you are saved the work of coordinating equipment of different manufac- 
ture. You can be sure that the separate parts of an I-T-E “power package” 
will fit and function together. 


For details, contact the I-T-E sales office nearest 
you—look in your classified directory under 
“Electric Equipment.”’ I-T-E Circuit Breaker 
Company, 19th & Hamilton Sts., Phila. 30, Pa. 


I-T-E CIRCUIT BREAKER COMPANY 





Switchgear Division 
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An earnest 
electronics engineer 


kept worrying 


‘bout gains non-linear. 


Unmeasurable 
phase angles 
kept him in tangles 
And threatened to 
wreck his career... 





Tsk, tsk—too bad he didn’t know about 


face SHRVOscope” 


1. Applicable to both 
AC carrier and DC = No need to beat around the breadboard . . . SERVOscope 
servo systems. speedily and accurately measures gain and phase shifts of 
. Built-in electronic | &-F amplifiers, servo mechanisms, recorders and other circuits 
sweep, phaseable in the subsonic frequency ranges. It takes just a few flicks 
with respect to of the dial to get the values for plotting magnitude and 
generated signals. phase curves. 


often on Whether you're developing designs, or production testing— 
“ a q y SERVOscope will save you man hours and prevent costly 
ges from 
0.0001 to 60 cps. °rrOrs- 
. Generates 3 types 
of signals: ri 
Sine wave 
modulated carrier. GL 


Low frequency 
sine waves. 


Low frequency 
square waves. 


SERVO CORPORATION of AMERICA 


SERVO CORPORATION OF AMERICA 
New Hyde Park, Long Island, N. Y. 


PLEASE SEND ME... engineering specs and actyal 
test set-ups on SERVOscope. 


© NEMOsccee vcccccescvecscoteceedes Ce ccccccccccscccccocs oeeee 


POSIHION. ..ccccccceccsecssescceccceces eee eeereeeeeese seeeees 


New Hyde Park Company Nome..cesssseceseccccccecesess eevececes eeeevereees ee 
Long Island, N. Y. Campa Baiaets 6 dink is Kans 00 dco eben deb adeciivescscste oscese 





(Continued from page 19A) 


New Plant. The Babcock and Wilcox 
Company plans construction of a plant for 
the manufacture of fuel elements and other 
reactor core components for the nuclear 
power industry. The plant, to be located 
about 5 miles east of Lynchburg, Va., is 
expected to be completed by the end of the 
year. Making complete nuclear steam 
generators for the production of electric 
power is anticipated. 


New Laboratory Opened. New Eng- 
land’s role as a center for electronic sciences 
was an invitation to the Radio Corporation 
of America to establish its Aviation Sys- 
tems Engineering Laboratory in Waltham, 
Mass. The laboratory will develop spe- 
cialized electronic fire-control systems for 
military aircraft. It is expected to employ 
by the end of the year, approximately 100 
scientists, engineers, and laboratory per- 
sonnel. Manager of the new installation is 
Dr. Robert C. Seamans, Jr. 


Burton Plans to Expand. Celebrating its 
28th anniversary, Burton Manufacturing 
Company recently broke ground for its 
37,000-square-foot plant in Santa Monica, 
Calif. It will contain, in addition to the 
company’s executive and home offices, a 
modern machine shop for the manufacture 
of precision inspection facilities and an 
electrical and testing laboratory. 


Panellit Acquires Jordan Electronic. 
Jordan Electronic Manufacturing Com- 
pany, Inc., of Pasadena, Calif., has been 
acquired by Panellit, Inc. Panellit is 
engaged in the manufacture of modern 
automatic control and data-reduction in- 
formation systems. Panellit plans to ac- 
celerate research and development activi- 
ties of Jordan in the field of industrial 
measurements in addition to its activities 
in the nuclear field. Jordan Electronics 
will operate as a wholly owned subsidiary 
of Panellit with M. J. Nathason, former 
owner, as president, and Albert Sperry as 
chairman of the board. It will occupy, 
jointly with Panellit’s western division, a 
manufacturing plant to be built in Alham- 
bra, Calif. 


NEW PRODUCTS ee 


Comparison Bridge. Southwestern In- 
dustrial Electronics Company, 2831 Post 
Oak Road, Houston, Tex., announces a 
new model of its comparison bridge, to be 
designated the £-2. The instrument can 
now be operated by means of an optional 
foot switch, as well as by the conventional 
push button. Improved stability, accu- 
racy, and sensitivity enable resistors, capaci- 
tors, and inductors to be compared over a 
range of 1 ohm to 5 megohms at 60 cycles. 
Differences as small as 0.1 per cent may be 


(Continued on Page 28A) 
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The Sign of 
QUALITY 


MOTOR CONTROL 


% Control panel for BETA 
dust precipitator rec- 
tifier, shown below 
with door closed. It 
has 3 Bulletin 709 

| starters, 2 Bulletin700 
relays, Bulletin 702 

. contactor, and Bulletin 

) 809 overload relay. 

On door are 20 Bulle- 

| tin 800T oiltight push | 7, ; 

| buttons and pilot lights. | ane a sews 

B88 sas 

eo oe ee | ee 

® cwa’«, $6 ow 6 
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i 
Automatic control panels must be reliable . . . not just 
MOST OF THE TIME but ALL OF THE TIME. The fail- 
ure of only one component... JUST ONCE... may # 


be costly in spoilage and production delay. 
A-B controls continue in first place in dependable 
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switching because they are so simple. They have no Bulletin 849 
troublemaking pivots, pins, or bearings to gum up pneumatic timer 
and stick. Their double break, silver alloy contacts hae 





never require maintenance until all contact material 
has been worn away. 








Bulletin 700 Specify Allen-Bradley controls for your machines. 
» universal relay Send for the A-B Handy Catalog. 
a Allen-Bradley Co., 1316 S. Second St. 
a Milwaukee 4, Wis. 
; In Canada—Allen-Bradley Canada Ltd. 
| Galt, Ont. 


Bulletin 702 
Size 2 contactor 








Bulletin 609 
manual starter 


a = f 
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BETA dust precipitator control ; 
cabinet with A-B oiltight Bulletin 709 
push buttons solenoid starter 


Start button 


Pendent type 

oiltight push 

button sta- 

tions avail- 

able with 2 

Open view of 2-button oiltight master station to 10 buttons 
showing method of mounting & pilot lights. 


Stop button with 
locking attachment 


Here are a few Allen-Bradley oiltight push button 

units for machine tools that can be used in endless 

§ combinations. All have a flexible, oiltight diaphragm 

Jog button with | | between button and contact block to exclude oil or 

Sun chee leas cutting fluids from contacts. The silver contacts are 
maintenance free. 





Contact blocks may be 
assembled interchangeably 
with any type of button. They 
are available with 1 NO-NC; 
2 NO-NC; 4 NO-NC; 2 NO; 
or 2 NC contacts. Pilot lights 
of matching design are stand- 
ard items. See the A-B Handy 
Catalog for details. 


Allen-Bradley Co., 1316 S. Second St. 
Milwaukee 4, Wis. 





In Canada— 
Allen-Bradley Canada Ltd. 
Galt, Ont. Two-button maintained 
contact button 





eR § Atven-BRADLEY 
Coin slot iow Pilot light Ls. oo? ~~ 


Transformer type 









fibsiloy 
REFRACTORY CONTACTS 


. maintain low temperature 
ris? on new Westinghouse 


Quicklag-P Circuit Breaker 
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On its new Quicklag-P plug-in cir- 
cuit breaker, Westinghouse has in- 
stalled Gibsiloy W-10 silver-tungsten 
contacts because they withstood a 
rigorous 5,000-amp short circuit test 
and maintained low temperature rise. 
These Refractory Gibsiloys carry the 
load, maintain low contact resistance, 
have high interrupting rating, and 
never need maintenance—factors 
which make them well suited for the 
Westinghouse Quicklag-P. 
Gibsiloy W-10 is exceptional 
among refractory contact materials 
because of its high conductivity and 
high resistance to sticking when in- 
terrupting short-circuit currents. Be- 
cause it maintains low temperature 
rise even with small contacts, it is 
| especially appropriate for small cir- 





| cuit breakers similar to the Quick- 
| lag-P—using one pair of contacts 
per pole. 
i No silver plating of Gibsiloy W-10 
\ is required to maintain low contact 
resistance during shelf life. 
| Temperature rise of circuit breakers 
and other electrical apparatus can 
often be reduced by adopting 
! Gibsiloy W-10 contacts. To solve this 
| and other problems involving con- 
tacts, call on the people whose busi- 
ness has been exclusively the design 
and manufacture of electrical contacts 
for 21 years. Let Gibson engineers 
know your needs. 


Write for free Catalog C-520. 
It contains much useful technical 
information. 


CONTACT GIBSON FIRST 










[ibsilo 


ELECTRICAL CONTACTS § 





Gisson Ecectric COMPANY 
8348 Frankstown Ave., Pittsburgh 21, Pa. 
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Another Step in 






fetting to the bottom of things 
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At John E. Fast and Co., the watch- 
dogs of quality are on the job twenty- 
four hours a day, in every stage of 
capacitor production. Recording controls 
indicate the smallest variations in heat, 
humidity, pressure and vacuum at each 
process point. Every precaution is taken 
to assure that environmental conditions 
are held at precise levels specified by our 
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The air in our winding rooms, for ex- 

ample, is continuously filtered so that 
ino foreign particles may settle upon the 
windings themselves and contribute to 
ultimate failures. Similarly, capacitors 
are assembled, after vacuum impregna- 
tion, in clean rooms, where relative hu- 
midity is controlled at all times. These 
safeguards against inclusion of extraneous 
matter or moisture have resulted in in- 
creasingly satisfactory life and allied per- 
formances in Fast capacitors. _ 
_ Supplementing this automatic vigilance 
is a completely equiP ed quality-control 
organization which functions at every 
process-stage from incoming inspection to 
final testing. At points where statistical 
control is applicable, our inspectors util- 
ize techniques which comply with or ex- 
ceed specifications laid down by the 
Armed Services Procurement Branches. 

At final testing stations each production 
lot is fives 100% test and inspection. 
Our belief is that a single failure out of 
a thousand may satisfy any sampling re- 
quirement, but it may be extremely costly 
to the consumer. Our investment in pre- 
cision testing devices and extensive lab- 


oratory equipments is great, but its worth 
is reflected in our national reputation as 
producers of quality components. 

Comprehensive reports are maintained 
by inspection centers located at strategic 
production points. These reports are sum- 
marized we and it is quite significant 
to note that both the President of the 
Company and the Vice-President and 
Chief Engineer meet each Saturday morn- 
ing with supervisors, engineers and mili- 
tary representatives to discuss the various 
problems indicated by process averages, 
and yield analyses for each production 
department. 

In these days when every hour taken 
from the production job is spared grudg- 
ingly, we still take these hours every wee 
to analyze and combat any threat to qual- 
ity performance. Increasingly rigid speci- 
fications for dimensional and operational 
characteristics have shown very clearly 
that control of quality can be achieved 
and maintained only by rigorous applica- 
tion of all the techniques and tools we 
are employing. 

No greater assurance of excellence may 
be given than that which has established 
our reputation. Our fixed objective will 
always be to maintain that reputation. 


AVAILABLE LITERATURE: 

Palystyrene Film Capacitors 

Hermetically-Sealed Tubular Capacitors 

Subminiature Hermetically-Sealed Capacitors 

Pyne Hermetically-Sealed Capacitors 

Mil-C-25A Approved Capacitors: Refer te 
“Mil-C-25A Specifications” 

Power-Factor Correction Capacitors and Racks 











coun E.Fasté ©. 


Capacitor Specialists For Over A Third of A Century 
3169 North Pulaski Road, Chicago 41, Ill. 
“WHEN YOU THINK OF CAPACITORS .. . THINK FAST” 











Industry looks to 


CHEMICAL PROCESS 
AND STEEL INDUSTRY 


Rc 137 


RESEARCH 
- COTTRELL 


for high 
dust collection 
efficiencies 






POWER PLANTS 


I maintain visually clean 
stacks at all times, industry 
is turning to the long ex- 
perience of Research-Cot- 
trell in the design and 
manufacture of highly 
efficient Cottrell Electrical 
Precipitators. We’ve spent 
40 years in solving such 
problems as nuisance abate- 
ment, cleaning gas for 
subsequent use and recover- 
ing materials of value. Write 
for illustrated bulletin 
describing a wide range of 
electrical precipitator 
applications. 


PULP AND PAPER INDUSTRY 





RESEARCH-COTTRELL, INC. 


A WHOLLY OWNED SUBSIDIARY OF RESEARCH CORPORATION 


Main Office and Plant: Bound Brook, N. J. 
405 Lexington Ave., New York 17, N. Y. « Grant Building, Pittsburgh 19, Pa. 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


228 N. La Salle St., Chicago 1, Ill. + 111 Sutter St., San Francisco 4, Cal. 
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Make Panel Space Pay its .Way 


G-E small-size instruments fit 25 to a 24-inch square 


“, 
S00 CONVENTIONAL 
ee « PANEL 


Y-IN. SMALLER than conventional makes, 
General Electric’s 414-in. miniature per- 
mits economical use of panel space. You 
can mount twenty-five on a 24-in. square. 


TELESCOPIC READABILITY is an inherent 
feature of the larger 834-in. instrument 

ideal for locations where convenience dic- 
tates taking readings at extra-long distances. 


NEW FEATURE INITIATES CONTROL 


NEW CONTROL INITIATION for G-E 
switchboard and panel instruments pro- 
vides a simple, reliable means to autom- 
atize your operations. This contactless 
all-electrical unit, using industry-tested 
components, automatically initiates 
action whenever the instrument indi- 
cates a predetermined value. Available 
on new instruments, the feature can also 
be added to instruments in service. 

For further details, contact your near- 
est G-E Apparatus Sales representative, 
or send the coupon shown at the right 
for a copy of Bulletin GEA-6325. 


SECTION D602-289 
GENERAL ELECTRIC COMPANY 
SCHENECTADY 5, NEW YORK 


Please send me your bulletins: 


(C) AB-DB 18 and 16 long-scale switchboard 
instruments (GEC-218) 

CJ Control initiation for instruments 
(GEA-6325) 


Name 
Company 
Street 


a ae Se State 
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measured on the 1-per-cent full-scale meter 
range; other scale ranges of 2.5, 5, 10, and 
25 per cent are also provided. 


Pressure Bleeder Device. A small com- 
pact device for relieving both over-pressure 
and under-pressure in oil-insulated sealed 
transformers was recently developed by the 
General Electric Company and is now being 
applied on power transformers made in the 
company’s Pittsfield, Mass., and Rome, 
Ga., plants. The device, called a pressure 
vacuum “‘bleeder,”’ is small enough to be 
held in the palm of a man’s hand. It re- 
places an assembly that was formerly en- 
closed in a cabinet mounted on the side of 
the transformer. The new device, which 
includes provision for attaching a standard 
gas-sampling valve, can be mounted at any 
convenient point, and does not require a 
tube leading from the transformer tank. 
= A vacuum of 0 to —8 pounds per square 

inch gauge and a positive pressure from 0 

1 00 r) 00 o to +8 pounds per square inch gauge is the 
range of actuating conditions that can be 


or F Oo R WwW A R D selected on the device. 


Watts Output at ~ ngs enone) physi bie = 
ible distribution panelboards, afiex, 
Number of Case Temperature of are being marketed featuring quick-make, 
Circuit CK776 70°C 170°C quick-break characteristics. An outstand- 
ing advantage of this new line is its avail- 
One Phase ability. Standardized plug-in components 
Half Wave 530 can be stocked by local distributors for im- 
Full Wave 1070 mediate delivery on any job requirement. 
Bridge 2040 Factory-assembled panelboards are avail- 
able with 200- to 1,200-ampere mains and 
a 2150 may be obtained with or without cabinet 
Brid 4550 door. For further information, write 
riage Square D Company, 6060 Rivard Street, 
Detroit 11, Mich. Ask for QMB Saflex 
t Maintained with heat radiator Bulletin SD-29. 
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Time Delay Relay. With a new time de- 
lay relay currently being marketed by the 
Automatic Switch Company of Orange, 
At maximum power N. J., any delay from 1/2 to 6 seconds may 
handling capability of be roma for all standard ee 

. voltages (120, 240, 460, 600 volts, 60 
— ees cm aa sida. This relay is also available for 
selenium rectifier could other frequencies, and for direct current. 
occupy as much as 100 This new relay is particularly important 
times the volume. because of its capacity for handling motor 
loads directly. 














RAYTHEON SILICON POWER R RECTIFIER ’ dada ES RED Potentiometers. Eight different models 


MAXIMUM VOLTAGE MAXIMUM CURRENT at. have been announced in the new General 
TYPE CK775 VOLTS VOLTS AMPERES AMPERES WATTS Radio 970 series of wire-wound potentiom- 
CASE TEMP. 30°C* 50 is eters. Power ratings range from 2 to 20 
oot taaeeeae ‘nl 7 " 2 watts at 40 C ambient, and 17 stock resist- 
sean tun ine . 4 ance values cover the range from 2 to 
500,000 ohms. All models are totally 
TYPE CK776 enclosed, yet capacitance is kept low by the 
ns ee. use of phenolic body and cover plus a glass- 
NO HEAT RADIATOR : reinforced-polyester shaft. 
AMBIENT TEMP. 170°C 
“maintained by external heat radiator 1 e h 1 Ww fi M . A 
At 25°C both CK775 and CK776 have Maximum reverse current is 25mA for CK775 Multichanne avetorm Stonitor. 
maximum drop at 5 amperes of 1.5 volts. at —60 volts, CK776 at — 200 volts. ncw multichannel waveform monitor, 
= , es sap — which enables a television broadcast engi- 
neer to see four video signals simultaneously 
on a single multigun cathode-ray tube, has 
RELIABLE SUBMINIATURE AND MINIATURE TUBES D> ete r A been developed by Allen B. Du Mont 
SEMICONDUCT. r 2 4 
cunaes saan ¢ aaa eee . Laboratories, Inc. The new monitor will 
RECEIVING AND PICTURE TUBES be of particular benefit to engineers of sta- 
Semiconductor Division — Home Office : 55 Chapel St., Newton 58, Mass., Bigelow 4-7500 


For application information write or call the Home Office or: 9501 Grand Avenue, Franklin Park (Chicago), Wlinois, TUxede 9-5400 ° 
589 Fifth Avenue, New York 17, New York, PLaza 9-3900 + 622 South La Brea Ave., Los Angeles 36, California, WEbster 8-2851 (Continued on page 30A) 
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SINCE 1915 LEADERS IN AUTOMATIC CONTROL 


ANALOG TO 
DIGITAL CONVERSION 
in less than 45 cubic inches 


In an aircraft navigational system, input information (such 
as compass headings, speeds, etc.) is received in analogs. 
The Ford Instrument Company engineers recently had a 
problem which required the presentation of this informa- 
tion in digital forms. Along with this was the physical 
problem of weight and size minimization. An Analog- 
Digital converter was developed which solved the problem. 
This unit occupied less than 45 cubic inches and required 
only line voltage with no special power supply. 


This is typical of the way Ford Instrument engineers 
solve problems in the computing and control field. For 
forty years Ford has been pioneering techniques in servo- 
mechanisms; developing, designing and manufacturing 
systems and components to solve the complex problems 
of automatic control. Should you have a problem in control 
engineering it will pay you to talk to one of the Ford 
Instrument Company engineers. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 


ENGINEERS 


of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information 
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tions originating color programs, because 
it will monitor simultaneously three color 
signals—red, green, and blue—and the 
encoded output of one color channel. Ina 
station not originating color, it will monitor 
the four outputs of a monochrome multi- 
scanner. Both input and output of an 
encoder may be monitored simultaneously. 
Full specifications on the Du Mont Type 
TA-202-A multichannel waveform monitor 
are available to engineers, broadcasters, 
and consultants by writing to the Tele- 
vision Transmitter Department, Allen B. 
Du Mont Laboratories, Inc., 1500 Main 
Avenue, Clifton, N. J. 


Direction Finder. An automatic direc- 
tion finder which operates on the vhf band 
(118-148 mc) has been announced by 
Olympic Radio and Television, Inc. 
This device obtains useful bearings from an 
aircraft’s vhf transmitter, even when 
the voice transmission is unintelligible— 
a signal-to-noise ratio of —20 db. The 
system consists of a receiver-indicator, a 
4-dipole antenna mounted on a mast, and 
the necessary cables. Designed for airport 
installation, this low-cost unit has an over- 
all accuracy of slightly lower than 1 degree 
in the readings obtainable from the in- 
dicator. The system sensitivity is 15 
microvolts per meter. 


Xenon-Filled Tubes. Electrons, Inc., 
Newark, N. J., has announced production 
of two Xenon-filled thyratrons having 
identical electrical characteristics. The 
EL C4J is designed for socket mounting; 
and the EL C4J/F for panel mounting, 
wherever conventional sockets might not 
be desirable. Ratings for both types are 
4 amperes d-c continuous average anode 
current; 30 amperes oscillograph peak 
current with maximum peak forward, and 
peak inverse of 900 volts. The average arc 
drop is 12 volts and heating time is 60 
seconds. More detailed characteristics, 
on data sheet forms, can be obtained from 
Electrons, Inc., 127 Sussex Avenue, 
Newark 3, N. J. 


Miniaturized High-Insertion Loss Filters. 
A complete series of small high-insertion 
loss filters for aviation and mobile electric 
and electronic equipment has been an- 
nounced by the Sprague Electric Company. 
The new miniaturized bulkhead-mounting 
interference filters are available in produc- 
tion quantities in ratings from 0.1 ampere 
to 20 amperes, for both 125-volt d-c and 
125-volt a-c 400-cycle service. The units 
meet all pertinent MIL and AN require- 
ments for operation at operating tempera- 
tures from —55 C to +85 C. Complete 
performance and engineering data for these 
filters are available on letterhead request 
to the Technical Literature Section, 
Sprague Electric Company, 321 Marshall 
Street, North Adams, Mass. 


Radiation Detector. A new lightweight 
portable probe which selectively detects 
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No wonder General Cable consistently produces 
top quality wires and cables. They have the 
industry’s most modern laboratories and pro- 
duction facilities, over 71 years of experience, 
and the self-proven knowledge that leadership 
grows from Quality Products. When you spec- 
ify General Cable Bare and Weatherproof 
Wire... you’re sure of getting the finest! 


BARE... is available in solid round, square and 
rectangular, and trolley wire, bunched and 
concentric stranding, in copper, copper alloys 
and aluminum, in all tempers, and ACSR — 
widely used by utility companies for aerial 


LV. THE GREATEST NAME IW ELECTRICAL WIRE AND CABLE 
S 


transmission and rural distribution lines. 


WEATHERPROOF ... is available in a large vari- 
ety of types, including “O.K.,” “PEERLESS” 
and “TIP-TOP.” Made with copper, copper- 
weld, bronze, aluminum and ACSR conductors 
... With textile (braided or knitted) unspun 
cotton and braid, neoprene and polyethylene 
coverings. Most frequently specified for distri- 
bution lines in populated areas. 


For complete facts about Bare or Weather- 
proof ... or any type of electrical wire and 
cable... be sure to see your friendly General 
Cable Representative first! 


GENERAL CABLE 


CORPORATION 





BARE, WEATHERPROOF, INSULATED WIRES and 
CABLES FOR EVERY ELECTRICAL PURPOSE 


GENERAL CABLE CORPORATION 
Executive Offices: 420 Lexington Ave., New York 17, N. Y. 


SALES OFFICES: Atlanta « Baltimore ¢ Boston ¢ Buffalo 
Chicago ¢ Cincinnati ¢ Cleveland ¢ Dallas « Denver ¢ Detroit 
Erie (Pa.) ¢ Greensboro (N.C.) ¢ Houston ¢ Indianapolis 


Kansas City @ Lincoln (Neb.) * Los Angeles © Memphis 
Milwaukee ¢ Minneapolis ¢« New Haven « Newark (N. J.) 
New York ¢ Philadelphia « Pittsburgh ¢ Portland (Ore.) 
Richmond (Va.) * Rochester (N.Y.) © Rome (N. Y.) 
St. Louis ¢ San Francisco « Seattle « Springfield (Ill. 

Syracuse ¢ Tampa ¢ Tulsa © Washington, D.C. 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 











31A 





A Transformer becomes a precision device 


with Allegheny Magnetic Materials in the core 








“TRANSFORMER LAMINATIONS” 


84 pages of valuable technical data 
on standard and custom-made lam- 
inations from all grades of Allegheny 
Ludlum magnetic core materials. 
Prepared from carefully checked and 
certified laboratory and service tests 
—includes standard dimensions, 
specifications, weights, etc. Sent free 
on request .. . ask for your copy. 


ADDRESS DEPT. EL-65 
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* ALLEGHENY SILICON STEEL 
*% ALLEGHENY 4750 
* ALLEGHENY MUMETAL 


The operation of a transformer is no 
better than the magnetic core around 
which it is built. With Allegheny mag- 
netic materials in the core, you get the 
best—uniformly and consistently. 
Sure there are reasons why! For 
one thing, there’s the long experience 
of a pioneer in development and 
quality control of electrical alloys. 
But most important, the A-L line 
offers complete coverage of any re- 
quirement you may have, any service 
specification. It includes all grades of 
silicon steel sheets or coil strip, as 
well as Allegheny Silectron (grain- 


oriented silicon steel), and a wide 
selection of special high-permeability 
alloys such as Allegheny 4750, 
Mumertal, etc. 

In addition, our service on mag- 
netic materials includes complete 
lamination fabrication and heat treat- 
ment facilities. What's more, this 
extensive experience in our own lam- 
ination stamping department is a 
bonus value for all users of A-L 
electrical sheets or strip, @ Let us sup- 
ply your needs. Allegheny Ludlum 
Steel Corporation, Oliver Bldg., 
Pittsburgh 22, Pa. 


® 


STEELMAKERS to the Electrical Industry 





Allegheny Ludlum 


wad 5333 
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CENTRALIZED 
CONTROL 


Rowan Low Voltage Centralized Control units are 
designed to meet modern industry’s increasing demand 
for greater centralization of motorcontrol. They con- 
sist of bus compartment, bus mounted on porcelain 
insulators providing liberal spacing, necessary motor 
starting equipment, auxiliary and pilot devices. Indi- 
vidual control transformers may be installed either in 
the bus compartment or in the starter. These units 
are designed for indoor or outdoor service . . . unique 
construction eliminates the use of gaskets for outdoor 
service. 


i Qa 
i 










A BER... 
















~~ Os 


ABOVE — Closed view and open view of a 
Centralized Control unit showing Disconnect 
Switches with incoming line circuit breaker 
for an outdoor application. 


LEFT — Closed view of a Centralized Control 
unit showing Frames 50 and 100, 780-KBF 


Starters, mounted on a sturdy steel structure. 


OWAN CONTROL 
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AN ADVENTURE 
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One example of junction technol- 
ogy at Bell Laboratories. Here a 
junction is produced on the sur- 
face of silicon by bombardment 
with alpha particles. Bombard- 
ment enhances silicon’s perform- 
ance at very high frequencies. 


One day in the ’thirties a revolutionary ad- 
venture began for Bell scientists. They were 
testing an experimental silicon crystal they 
had grown to make microwave detectors. 


Intriguingly, they found that one end of 
the crystal conducted by means of positive 
charges, the other end with negative. Posi- 
tive and negative regions met in a mysteri- 
ous barrier, or junction, that rectified, and 
was sensitive to light. It was something en- 
tirely new ... with challenging possibilities. 


The scientists went on to develop a theory 
of junction phenomena. They showed that 
two junctions placed back-to-back make an 
amplifier. They devised ways to make re- 


producible junctions. Thus, junction tech- 
nology came into being, and the 20th 
Century had a new horizon in electronics. 


This technology has already produced at 
Bell Telephone Laboratories the versatile 
junction transistor (useful in amplifiers and 
switches) ; the silicon alloy diode (surpass- 
ingly efficient in electronic switching for 
computers); and the Bell Solar Battery 
which turns sunshine directly into useful 
amounts of electric current. 


This is one of many adventures in science 
which make up the day-to-day work at Bell 
Laboratories...aimed at keeping America’s 
telephone service the world’s best. 


Bell Telephone Laboratories 


Improving telephone service for America provides careers for creative men in scientific and technical fields 
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It's VICTOR 






VICTOR 
No. 729 

STACKING UNIT 
(TR NO. 140) 


FEATURES 


1. MAXIMUM MECHANICAL STRENGTH 
gvarantees on-the-job dependability. 


2. PRECISION ASSEMBLY assures per- 
fect alignment . . . greatest possible 
stacking ease. 


3. MADE oy PURIFIED PORCELAIN each 

has uniformity of 

mechanical and electrical values, and 
resistance to thermal variations, 

4. THICK, RUGGED CORRUGATIONS 
afford maximum resistance to impact 
«+. Cut breakage costs. 

S. SCIENTIFICALLY COMPOUNDED CE- 
MENT assures high bond strength at 
all assembly joints. 
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6. CAPS AND BASES are hot-dipped 
galvanized for maximum resistance to 
weathering and corrosion . .. are 
engineered to exceed NEMA speci- 
fications. 

7. SMOOTH, HARD GLAZE assists self- 
cleaning process, reduces maintenance 
and replacement costs. , 

&. RESILIENT COATINGS at all cement- 
ed joints give maximum resistance to 


With VICTOR “Know-How” 


Correct design, quality-controlled manufacture, 
accurate jig assembly and Purified Porcelain make 
VICTOR Apparatus Insulators supreme in their 
field. These insulators give power men complete 
assurance because they combine maximum dielec- 
tric and mechanical strength. Each VICTOR 
Apparatus Insulator is individually tested at every 
point of manufacture. Each has to be precision- 
perfect before it is shipped. That’s why these units 
are easier to install singly or in stacks, why they 
stand up better in service . . 
power men are specifying VICTOR. 


. why more and more 


SPECIFICATIONS (SINGLE UNIT) 


60 cycle dry flashover. ...++++.160 KV 
60 cycle wet flashover......- oe 9S KV 
Pos. impulse flashover*.......++ 235 KV 
Neg. impulse flashover*........ 290 KV 


Withstand voltage 60 cycle dry..115 KV 





thermal variations and 
shocks or impact. 


the Victor high 


eat i ither DY 
aorta Caan 
oltage fal oF © dl gee failure. — 


nd a new 


Withstand voltage 60 cycle wet...75 KV 
Withstand impulse voltage*..... 210 KV 
Puncture... .ssseceseesecess oee215 KV 
Dry arcing distance. .....+es0+ «+ 14%" 
Leakage distance... ..ssseeseeees 33” 
Tension strength.....s.sese+ 20,000 Ibs, 
Torsion strength.....+++ ++++40,000 Ibs, 


SPECIFY 


Compression strength...+.+++ 60,000 Ibs, 
Cantilever strength base mtd.. .7000 Ibs, 


Cantilever strength cap mtd... .4000 Ibs, 
BNE. cccccccccccccccces 100 microvolts 
1000 KC at applied. ....sseeees 22 KV 


*Crest KV. 1% x 40 microsecond wave 
critical valve. 


For the full facts on Victor “Know-How,” 
write for “The Story of Victor and Purified 
Porcelain.” For engineering data on Victor 
Insulators, write for Bulletin No, 4, 


sab hahal-Yole ato} arel-¥ t= bbq) 


Pintypes 


VICTOR INSULATORS DIVISION 


VICTOR 
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HYS@L G000 


goes to sea with RAYTHEON RADAR 


ae _ . . ' ’ 
t ; \ ne 5 ; “ s 
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The S. S. Lurline, one of the largest U. S. passenger liners, is the first big ship 
in the world to install Raytheon'’s new Model 1500 small boat radar. Scheduled for 
use as ‘standby equipment, it will be used in conjunction with the regular 16-inch 
big ship ‘Mariners’ Pathfinder’ radar, shown in foreground and demonstrating come 
parative size. Chief Officer R. McKenzie inspects scope reading of the Model 1500. 


HYSOL 6000 Epoxide Resins Used in Component Parts .. . 


Complicated internal component parts of Raytheon radar equipment are 
formulated from HYSOL 6000 Series epoxide compounds because of their out- 
standing electrical and mechanical properties. In addition, HYSOL 6000 Series 
compounds provide a material which is economically molded into intricate shapes, 
including complicated inserts. 


HYSOL 6000 Series compounds are made from the new epoxide resins and 
inelude a complete selection of room temperature and heat curing potting and 
casting compounds, easily machined sheets, rods and tubes, and coating and laminat- 
ing varnishes. 


The Raytheon application of HYSOL 6000 may 
suggest to you other plastic uses now posing a 
problem in your design or production depart- 
ments. Houghton Laboratories, Inc., is ready to 
assist you with these problems through the ex- 
perienced services of our skilled research labor. 
atory, design and production departments. Your 
investigation will be welcomed at no obligation, 
Write, wire or phone today! 


oughton laboratories, ine, 


105 BUSH STREET, OLEAN, NEW YORK 





Please mention ELECTRICAL ENGINEERING when writing to advertisers 





(Continued from page 30A) 


alpha-beta-gamma and _ thermal-neutron 
radiation has been developed by the Gen- 
eral Electric Company’s instrument de- 
partment. The new device features inter- 
changeable heads for detecting different 
radiations, extremely high thermal neutron 
counting efficiency, and the ability to count 
alpha particles in the presence of high 
beta-gamma background. In the port- 
able radiation probe, scintillation caused by 
radiations is detected by a 5879 photo- 
multiplier tube. The output is fed to a 
high-stability cathode follower preampli- 
fier which operates directly into almost any 
scaler. A standard connector at the rear 
of the probe allows connecting cable to 
be attached to the probe. The phosphors 
for detecting alpha, beta, gamma, and 
neutron radiations are incorporated into 
specially designed caps. These detecting 
heads can be quickly interchanged. Ap- 
plication of the new instrument is expected 
to be found in industrial and university 
laboratories, and hospitals now working 
with radioactive materials. 


Bulkhead Assembly. A ridge waveguide 
bulkhead assembly for use with C-band or 
X-band commercial air-borne weather 
penetration radar has been developed by 
Airtron, Inc. The new bulkhead assembly 
permits passage of a run of ridge wave- 
guide through aircraft bulkheads, particu- 
larly through pressurized bulkheads where 
no leakage of air is permissible. The 
assembly consists of a section of ridge wave- 
guide with a circular plate brazed radially 
to its center. A retaining plate of equal 
diameter is used to bolt the waveguide 
plate fast to the bulkhead, while an inter- 
mediate rubber gasket provides an airtight 
seal. Vibration-proof stop nuts insure air 
tightness under all conditions of operation 
of the aircraft. For additional information 
write for Catalogue 2040, Airtron, Inc., 
Department A, 1103 West Elizabeth 
Avenue, Linden, N. J. 


Welding Cable. A fluted welding cable 
which is long wearing on all types of weld- 
ing equipment, and has great impact resist- 
ance, has been developed by United States 
Rubber Company. The new cable, called 
United States Royal Gold Welding Cable, is 
light and flexible. The unique fluted 
jacket gives better grip and is cooler to 
handle, since its greater surface area dis- 
sipates heat faster. According to tests 
conducted by the rubber company, cable 
flexibility means fewer failures at terminal 
connections and fewer maintenance and 
replacement costs. 


Modified Version of Dot-Bar Generator. 
The Tube Division, Radio Corporation of 
America, has announced a modified version 
of its WR-36A dot-bar generator which 
can be used for making convergence ad- 
justments in both small-screen and large- 
screen home color-television receivers. The 
new version will carry the same WR-36A 
type number. Owners of the first instru- 


(Continued on page 42A) 
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e Mounts low for 
easy accessibility 


¢ Eliminates costly 
circuit breakers 


Southern States alone makes an Automatic 
High Speed Short Circuiting Switch that is 
opened and reset by a hookstick. It is the 
Type HR, a complete unit with spring power 
integrally contained. The Type HR can be 
mounted on most structures at a low, acces- 
sible level and is easily isolated for periodic 
testing. This switch is ideal to furnish low-cost 
protection that would otherwise require expen- 
sive circuit breaker installations. Check all the 
features and see why it will pay you to specify 
Southern States Type HR switches. 


THE TYPE HR 


Automatic High Speed 
Grounding Switch 























Simple and easy to install 
e Guaranteed operating time within 30 cycles 


» Available in voltage ratings from 34.5 kv 
to 161 kv 


e Momentary rating of 20,000 amperes and four 
second rating of 12,600 amperes 





Aso AVAILABLE—Southern States Type HRS, an auto- 
matic high speed short circuiting switch, that is opened 
and reset by a system of conventional controls. 
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COMPLETE LINE OF CORES 
TO MEET YOUR NEEDS 


%* Furnished in four standard 
permeabilities —125, 60, 26 
and 14. 


%* Available in a wide range of 
sizes to obtain nominal in- 
ductances as high as 281 
mh/1000 turns. 


%* These toroidal cores are given 
various types of enamel and 
varnish finishes, some of 
which permit winding with 
heavy Formex insulated wire 
without supplementary insvu- 
lation over the core. 








HIGH Q TOROIDS for use in 
Loading Coils, Filters, Broadband 
Carrier Systems and Networks— 
for frequencies up to 200 KC 


For high Q in a small volume, characterized by low eddy current and 
hysteresis losses, ARNOLD Moly Permalloy Powder Toroidal Cores 
are commercially available to meet high standards of physical and 
electrical requirements. They provide constant permeability over a wide 
range of flux density. The 125 Mu cores are recommended for use up to 
15 kc, 60 Mu at 10 to 50 ke, 26 Mu at 30 to 75 ke, and 14 Mu at 50 to 
200 kc. Many of these cores may be furnished stabilized to provide 
constant permeability (+ 0.1%) over a specific temperature range. 


*Manufactured under license arrangements with Western Electric Company W&D 4744 
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ELECTRICAL INSULATION 
iS A“U.S.’’ SPECIALTY! 


Isn’t it logical that a rubber company should make the best wire and cable insula- 
tion there is? U.S. Rubber has been a pioneer in insulation for close to 70 years— 
has amassed in that time a stockpile of research data and experience that can’t 
be beat. Electrical insulation is a “U.S.” specialty! Electrical insulation makes 
the difference between superior and ordinary wire and cable. Conductors of all 
manufacturers are standard, but insulation must be the best that science can 
produce. That’s why your best bet in wire and cable is U.S. Rubber. 


UNITED STATES RUBBER COMPANY 


ELECTRICAL WIRE & CABLE DEPARTMENT ¢ ROCKEFELLER CENTER, NEW YORK 20, N. Y. 
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... and this amazing sensitivity is only 
one of many outstanding characteristics of the 
entirely new DuMont Type 324 cathode-ray 
oscillograph. New standards of stability, 
low noise and hum level assure full use of the 
Type 324 for d-c to 300 kc measurements even in 
the microvolt region. Furthermore, the Type 324 
° is completely calibrated to read time and amplitude 
directly. There are so many features incorporated 
in this new instrument we can’t begin to give you 
the whole story here. Write us for complete specifications, 
or better still, ask for a demonstration of the 


es 


New DUMON TYPE 324 


For further information write to: 
Technical Sales Department * ALLEN B. DU MONT LABORATORIES INC. 760 Bloomfield Ave., Clifton, N. J. 


> 
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ng Current: the continuously wound core of 

ain silicon steel strip provides o uniform ; 
High Short-Circuit 
Strength: round 
coils naturally resist 
radial short-circuit 
forces without 
damage or distor- 
tion, Sturdy core 
clamps and strong 
“blocking aid in pre- 
venting axial move- 
“ment of the windings 
under short-circuit 


conditions. 


L-M’s Uni-Wound:’ Is Smaller, Lighter, 


Highly Efficient 3-Phase Transformer 


Provides advantages of L-M Round-Wound® core construction in 3-phase 
transformers in sizes from 1122 through 500 kva. They're lighterssmaller, 
have improved overload capacity, high impulse level, high short-circuit strength. 


By ALVIN B. COYLE 
Product Manager, 
Tr ansformers 
Line Material Company 


L-M Round-Wound construction con- 
sists of a continuously wound core, with 
round coils wound directly onto the core. 
This design has a number of advantages 
in improved performance and better 
mechanical strength. 


Uni-Wound Fills Need 


Now L-M engineers have developed a 
3-phase transformer with all the ad- 
vantages of Round-Wound construction. 
This is the new Uni- Wound transformer, 
which is now in production in sizes from 
112% through 500 kva, and in voltages 
through 13,800. In smaller 3-phase sizes 
L-M offers the new Tri-Wound trans- 
former, 


LINE MATERIA 


Continuously Wound Core 

The Uni-Wound transformer consists of 
a unitary core, continuously wound of 
oriented-grain silicon steel strip. The bare 
core is annealed after winding. Then 
round coils are wound directly onto the 
three core legs by L-M’s exclusive wind- 
ing process. 


AllOtherRound-Wound Advantages 
Thus all of the inherent characteristics of 
the single-phase Round-Wound trans- 
former are provided in the 3-phase Uni- 
Wound. These advantages include: 


high short-time overload capacity 
uniformly high impulse strength 
high short-circuit strength 

low exciting current 


lighter weight ¢ smaller size 


Uni-Wound Lighter, Lower 
The 500 kva Uni-Wound is about 1200 
pounds lighter than the stacked lamina- 
tion type. The 11214 kva, 2400 volt delta 
Uni-Wound is about 400 pounds lighter 
than the 112% kva Triplex style. These 


lighter weights permit single-pole mount- 
ing of sizes through 150 kva instead of 
the 2-pole platform construction previ- 
ously required, In some sizes, the over- 
all height has been reduced as much as 
two feet, with but little increase in pro- 
jected floor space. 


Balanced Performance 


Both the physical and performance 
characteristics have been well balanced 
in the Uni-Wound 3-phase transformer 
design. Just as with the single-phase 
Round-Wound, no one characteristic has 
been emphasized at the expense of an- 
other. No one characteristic has been 
considered exclusively by itself, but only 
in its relationship to the over-all per- 
formance of the transformer. 


Get Details on 
Uni-Wound Transformers 
Ask the L-M Field Engineer to give you full 
details; or write Line Material Company, 
Transformer Division, Zanesville, Ohio. 
(Line Material Company is a McGraw 
Electric Company Division.) 


194 A-R 


L Thowsformenrs 





for 
RESEARCH 
TAY [7 
PRODUCTION 


ACCEPTANCE 
TESTS 





UNIQUE FEATURES 


enable the C-6 to meet all 
requirements 


, Three test voltages: 
12 volts — for low resistance ranges 


50 volts — for low-voltage capacitor leakage measure- 
ments 


500 volts —to meet MIL specs on insulation tests 


. Complete coverage, from zero ohms to 10,000,000 
megohms, without auxiliary equipment. 


. Pre-settable “Charge Adjust’ control and ‘Quick 
Charge” button for rapid Go, No-Go capacitor leak- 
age tests. 


ACCURATE © VERSATILE © RELIABLE e 


roMdcti (el) (-Mdaelai Mes icla 


ytelee f.o.b. Houston 
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SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
P. O. Box 13058 2831 Post Oak Rd. 


Houston, Texas 
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ments will be provided with a special kit of 
modification parts needed for converting 
these dot-bar generators for use with large- 
screen receivers. The kits will be avail- 
able without charge to service dealers and 
technicians who have returned warranty 
registration cards to the factory. The 
RCA WR-36A dot-bar generator, used for 
all convergence and linearity adjustments in 
color receivers, produces on the receiver 
picture tube a pattern of white rectangular 
dots when convergence is accurate, and an 
overlapping pattern of red-green-blue dots 
when convergence adjustments are re- 
quired. 


Bowmar Introduces New Counter. A 
new angle counter, model 7502, has been 
placed in production by Bowmar Instru- 
ment Corporation. The unit is made 
under Bowmar patents, and features a 
reduced number of moving parts, aiming 
toward high-speed operation, extended 
life under adverse conditions, and relatively 
low cost. The 7502 indicates angular 
changes from 0 to 359 degrees and back 
to 0, in 1-degree divisions. One revolu- 
tion of the input shaft is equal to one 
revolution of the unit drum. The counter 
is equally useful in clockwise, counter- 
clockwise, or reversible applications. De- 
scriptive catalogue pages, and pricing 
schedules, are available from Bowmar 
Instrument Corporation, 2422 Pennsyl- 
vania Street, Fort Wayne, Ind. 


A-F Filter. Allison’s model 2-A filter set 
is engineered for extreme low-frequency 
applications ranging from 15 to 10,000 
cycles per second. The passive network 
unit, which eliminates vacuum tubes and 
power supply, has been designed to fill a 
need for a continuously variable high-pass 
and low-pass a-f filter. The equipment 
only has two controls for each group of 
filters. One control is a switch in octave 
steps, while the second control is a multi- 
plier, making the filter continuously vari- 
able between the octave steps on the switch, 
High attenuation outside of the passband 
of 30 db per octave is adequate for most 
uses. The filter will handle 5 watts in a 
600-ohm circuit. Loss in the passband 
is approximately 1 db, making amplifica- 
tion to compensate for loss unnecessary. 
Allison’s model 2-B filter covers a frequency 
range of from 60 to 20,000 cycles per second, 
offering a wider range at somewhat higher 
frequencies. Complete technical data and 
performance curves are available on re- 
quest from Allison Laboratories, 14185 
Skyline Drive, Puente, Calif. 


New Directional Gyroscope. A rugged 
new directional gyroscope has been de- 
veloped by Gyromechanisms, Inc., Halesite, 
N. Y., for use in aircraft and missiles. The 
new unit model 45,000 features a normal 
Scorsby test drift rate of less than 6 degrees 
an hour, exclusive of earth’s rate. Drift 
rate during vibration up to 2,000 cycles 
per second at 10 g is less than +30 degrees 
per hour. 


(Continued on page 544A) 
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Compact Philco Industrial TV camera also * 


. ‘ «ts 
available with remote pan, tilt and lens focusing. “x 
gs 


A SUPERVISORY TV SYSTEM 
FOR INDUSTRIAL APPLICATIONS 


NOTE THESE FEATURES: 


/ Professional, high-definition monitor 
/ Operation at extremely low light levels 


J Complete remote control of camera 


Here is an amazing industrial TV system by 
PHILCO—a new management tool which now 
makes supervision by TV practical and eco- 
nomical for the factory and office. 


A high-definition monitor displays distant objects 
and people with brilliance and clarity —with a 
““presence”’. . . as though you were on the scene. 


Philco professional TV monitor 
The new camera—one of the smallest yet 
developed— performs in dimly lighted areas, 
operates unattended for long periods of time... 
can be completely controlled from a remote location! 


Get complete data on this new industrial TV 
equipment ...let PxHitco help you plan your 
system. Write today to Putco, Dept. EE. 





PHILCO CORPORATION 








6 miles of TIGER BRAND 


control the elevators in new 


Gateway Center buildings 





LEVATOR CONTROL CABLE leads a tough 
life. It must be light, to reduce the load 
on the car. It must be flexible, to withstand 
the continuous movement and vibration. It 
must be strong, to prevent the long length 
of cable from tearing itself apart. It must be 
fire-resistant, to guard against disastrous 
elevator shaft fires. 

For the magnificent Gateway Center 
buildings in Pittsburgh, shown here, Amer- 
ican Steel & Wire furnished some 6 miles of 
20 and 30-conductor control cable for the 
Westinghouse Selectomatic elevators. 
Flame-resistant insulation and jackets are 
used, and each cable is reinforced with 
tough steel strands. The cable had to be 
flexible enough to withstand movement, but 
not so flexible that it would kink. 

These are desirable features for many 
different kinds of electrical wire and cable. 
And although you probably don’t build 
elevators, you can rely on any Tiger Brand 
Electrical product to combine all the subtle 
features that make for easy installation, 
safe, reliable operation, plus a long and use- 
ful life. 

Send the coupon for more information on 
any Tiger Brand product. 


AMERICAN STEEL & WIRE DIVISION, 
UNITED STATES STEEL CORPORATION 
GENERAL OFFICES: CLEVELAND, OHIO 

COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, 

PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., 
SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


Gateway Center, famous Pittsburgh landmark, where 
Westinghouse Selectomatic Elevatoring matches calls, cars 
and floors to put elevators where they’re needed, when 
they’re needed. 
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Tiger Brand control cables are at the left. The hoist ropes, visible at Control cable terminal box is located half-way up the shaft. Flat steel rods 
right, are also made by American Steel & Wire. projecting from elevator track actuate induction coil on car to control auto- 
matic leveling system. 
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A STANDARD TIGER BRAND CABLE 
' FOR EVERY SPECIAL JOB! 


paper & varnished cambric cable shovel & dredge cable 


asbestos wire and cable mold cured portable cord 


cults t inn machine tool & building wire 


special purpose wire & cable 


American Steel & Wire Division 
Room CE-55, Rockefeller Building 
Cleveland 13, Ohio 


Please give me more information about Tiger Brand 
cable for 


USS Tiger Brand—vwiar« cane 
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CLIFTY CREEK STATION 
Indiana-Kentucky Electric Corp. 
Ohio Valley Electric Corp. 


Clifty Creek plant as it will look when completed. This hadi located near Madison, Ind., will be the largest ever built by private enter- 
prise when it is completed in 1956. It will have total generating capability of 1,200, 000 kilowatts in its six 200,000-kw units. Ground 
was broken in December 1952, structural steel erection was started February 1954 and power production is scheduled to begin early next 
year, when unit 1 is completed. Indiana-Kentucky Electric Corp., a subsidiary of Ohio Valley Electric Corp., is constructing the plant. It 
is one of two being built to supply the tremendous power requirements of the AEC’s new Portsmouth Area Project in Pike County, Ohio. 


RalE. 


Type TTR-49 SWITCHES 


for Clifty Creek Station 
330 Kv. 


4 


ey #) 
af) 


Here is a three pole assembly— 
showing eight high stack for 
380 Kv nominal voltage, 1470 
impulse. Corona free at 275 Kv 
to ground, with less than 500 
microvolts radio influence. Easily 
operated with 30 pounds effort 
on 12 inch geared handle. 
Impact-free blade control in 
opening and closing. 


R&IE booklet “Growth of an 


Idea”’ offers interesting informa- 


tion about this division of 1-T-E ™ R&IE SWITCHING EQUIPMENT 


Circuit Breaker Co. and its 
products. . , DIVISION OF I-T-E CIRCUIT BREAKER CO., 


GREENSBURG, PA. 
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TRANsrormErRS 


SORGEL dry-type transformers are recognized and 
accepted as high quality by engineers, contractors, 
and users everywhere. 


You can establish and maintain the good will and 
confidence of your customers by supplying them with 
top quality, time-tested SORGEL transformers. Re- 
peat business and increasing sales will be your 
reward. 


When price competition presents itself, then remem- 
ber that the first cost of dry-type transformers is not 
always the final total cost. The cost-saving features 
incorporated in SORGEL dry-type transformers are 
an assurance that their first cost is the final total cost. 
Furthermore, you'll never have complaints. 


Complete Line 


Y4 Kva to 2500 Kva, single phase. 
1 Kva to 3000 Kva, 3-phase, 2-phase and phase changing. 


All standard voltages, such as 120, 208, 240, 480, 600, 2400, 
4160, 4800, 7200, 13,200, up to 15,000 volts, and any 
intermediate or special lower voltages. 


Stock carried 
by jobbers 
in the 
following 
cities: 


Chicago, Ill. 
Rock Island, Ill. 
Rockford, Ill. 
Richmond, Ind. 
New York, N. Y. 
Buffalo, N. Y. 
Roxbury, Mass. 
Louisville, Ky. 
Omaha, Neb. 
Cincinnati, Ohio 
Cleveland, Ohio 
Davenport, Iowa 
Cedar Rapids, Iowa 
aumont, Tex. 


Los Angeles, Calif. 


VY, Kva 
single phase 
480/240 to 
240/120 volts 


Consult the classified section of your 
phone directory or write to factory 


SORGEL dry-type transformers are preferred 
because of their cost-saving features and years of 
dependable service. 


EASY INSTALLATION—Attached wall brackets. 


EASY CONNECTING—Roomy connection compart- 
ment with solderless terminals. 


Terminal boards above 5 Kva. 


RUGGED CONSTRUCTION—Al! steel fabricated, 
for light weight and maximum strength. 


LOW NOISE LEVEL—Hich efficiency. Liberal design. 


LONG LIFE—Thermo-vacuum impregnated windings 
brazed to terminals. 











approved by 
Underwriters’ 


Re-examination 





Tested and 


Laboratories 
under the 


Service 











100 Kva single phase 





SORGEL ELECTRIC CO., 846 West National Ave., Milwaukee 


40 years experience in the development, manufacturing and application of transformers 


4, Wis. 
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The Men on the Tower 


This picture could have been made at 
3 A.M. or any other late, overtime 
hour. For when there’s a job to be 
done . . . and time is of the essence, the 
men who install the nation’s high volt- 
age power lines are loyal to their 
responsibility. 

These field crewmen and linemen 
are as indispensable to the power in- 
dustry as the American Bridge steel 


BIRMINGHAM + BOSTON + CHICAGO + CINCINNATI 


t-te 


* CLEVELAND - 


> fof €S 


transmission towers they erect and 
the cables they string. They are lit- 
erally part of the skilled team which 
provides and maintains the world’s 
greatest electrification program. 

They are our partners in progress. 
And we here at American Bridge 
proudly salute them for their con- 
scientious, unflinching attention to 
their work. 


AMERICAN BRIDGE DIVISION, UNITED STATES STEEL CORPORATION, GENERAL OFFICES: 525 WILLIAM PENN PLACE, PITTSBURGH, PA. 
Contracting Offices in: AMBRIDGE - 


MEMPHIS - MINNEAPOLIS - NEW YORK + PHILADELPHIA - PITTSBURGH - PORTLAND, ORE. - ROANOKE + ST. LOUIS - SAN FRANCISCO - TRENTON 


DALLAS + DENVER - DETROIT - ELMIRA - 
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UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


AMERICAN BRIDGE (5) 


THIS IS A 


PORCELAIN BUSHING 


FOR A 230 Kv 


PRESSURE-TYPE POTHEAD 


This is a one-piece porcelain, 
1014” long, 2014” in its widest diameter, and weighs 
827 pounds. Its ends are ground, as are the conical end 
sections, for gasketing. The sand bands provide for 
attachment of mounting flanges. 

Not many pieces of high-voltage electrical porce- 
lain are produced in a single piece of this size. But in 
this case, the requirement is for more than a porcelain 
housing. This unit seals a high-pressure 230 Kv cable. 
To provide adequate factors of safety, it is designed for 
a pressure of 800 Ibs. per sq. inch; each unit is proof- 
tested at 500 lbs. per sq. inch, and operates at 250 lbs. 
per sq. inch. 

Only by knowledge built of experience—as to the 
strengths of porcelain, as well as its limitations—is a 
manufacturer justified in undertaking the production 
of such a design as this. At Lapp, that knowledge, and 
that experience, exist. It’s evident in the proficiency 


with which Lapp adapts its regular production tech- 
niques to each new special requirement. It’s reflected 
in the enthusiastic confidence with which Lapp meets 
so challenging an assignment. 

It’s a sound basis too, for the confidence of power 
companies the world over who have found in Lapp in- 
sulators—and Lapp “special porcelain” for system 
equipment—an extra margin of operating security, 
long life and low upkeep. 

Lapp Insulator Co., Inc., Le Roy, N. Y. 
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~ versatile PRESSED Ceramics 


Cuctoin-mage lechnital Céetamntls 


FOR WIDEST CHOICE OF MATERIALS 
FOR VOLUME PRODUCTION 
FOR DELIVERY AS PROMISED 


Send your blueprint with outline of oper- 
ating conditions and let our engineers 


show you what AlSiMag can do for you! 


for reliable METAL-CERAMIC COMBINATIONS 


NT SAT 





for uniform EXTRUDED Ceramics 





for precision MACHINED Ceramics 





























With a coverage 
of more than 


60.000 


circulation 


Electrical Engineering 


is geared to do a big job for you in the 
Electrical Field 


Write or wire today for 
complete information. 


Electrical Engineering 


reaches and influences men at the top of their profession ... 
top ranking executives and electrical engineers in every 


branch of industry. 


ELECTRICAL ENGINEERING 
OPENS THE DOORS OF A 
MULTIBILLION DOLLAR 
MARKET 
FOR YOU 














Electrical Engineering 


Official Publication of the American Institute of Electrical Engineers, 
Advertising Department 
SUITE 13, Lower Level 


500 FIFTH AVENUE NEW YORK 36, N. Y. 
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TYPICAL RECORDING FROM A LINE VOLTAGE VARIATION SURVEY: 
The chart at the top is representative of the average line voltage of stable voltage are often followed by periods of violent transient 
condition found in a comprehensive survey of commercial and fluctuations and/or large, gradual swings. The bottom chart, re- 
industrial establishments. A tracing at the same point made at corded at the same time, shows the output voltage of a Sola Constant 
another time might show entirely different conditions, since periods Voltage Transformer fed from this line. 































End Fluctuating Line Voltage Handicap 
to Reliable Product Performance 


Where line voltage fluctuations impair the performance of voltage-sensitive 
electronic equipment, Sola Constant Voltage Power Transformers often provide 
a simple, economical solution. Stock or custom designed units are available. 


The Sola regulator has no moving parts and requires no manual adjustment 
or maintenance. Operation is automatic with response time 1.5 cycles or less. 
Regulates as close as +1% with line voltage variations as great as 30%. 


To meet special load requirements or service conditions, units can be custom- 
designed for production quantity orders. Variations available for special-order 
| work include: 


e Capacity ranges from a fraction of a va to 30kva 
e Wide variety of voltage inputs and outputs 
| e Frequencies other than 60 cycles 
. e Provisions for wide ambient temperature ranges 
Structural features for installation as a component 
e Premium mechanical features for military service and other special duty 


x 
= 


The cost of Sola voltage regulation may be far less than you anticipate for 
two reasons: 1) installation of a Sola unit eliminates the need for the conventional 
i non-regulating power supply transformer and any regulating components which 
: you may currently use ... 2) your requirements may be satisfied by a stock 
i unit or custom design already on file. A Sola sales engineer is always available 
to discuss your voltage regulation requirements with you. 


S O IL A Constant Voltage — wer rn at 


Constant Voltage Power Transformers. 
TRANSFORMERS 








RADIO INTERFERENCE 
and FIELD INTENSITY * 


measuring equipment 


Stoddart NM-30A ¢ 20mc to 400mc 


Commercial Equivalent of AN/URM-47 


PRINTED CIRCUITRY... Modern printed circuits offer many advantages over con- 
ventional wiring, lighter weight, more compact units and freedom from many of 
the troubles normally encountered in conventionally-wired electronic equipment. 
Vibration becomes even less of a problem with printed circuits, adding to the many 
portable features already available with Stoddart equipment. 

ADVANCED DESIGN . . . Specialized engineering and modern production techniques 
have produced one of the most advanced instruments for the accurate measurement, 
analysis and interpretation of radiated and conducted radio-frequency signals and 
interference ever manufactured. Designed to laboratory standards, rugged, and 
with matchless performance, the versatile NM-30A is an outstanding example of 
modern instrumentation. Its frequency range includes FM and TY bands. 

SMALLER SIZE...A wider frequency range and higher standard of performance 
is incorporated into an equipment whose size is one-third that of any similar equip- 
ment ever manufactured. 

SENSITIVITY. . . Sensitivity ranges from one to ten microvolts-per-meter, depending 
upon frequency and antenna in use. 

APPLICATIONS ... Field intensity surveys, antenna radiation pattern studies, inter- 
ference location and measurement for checking radiation from virtually any 
mechanical or electrical device capable of generating or radiating radio-frequency 
signals or interference. 


Stoddart RI-FI* Meters cover the frequency range 14kc to 1000mc 


(Continued from page 42A) 


Dual-Grating Spectrograph. A new 
spectrograph which achieves a high degree 
of speed and versatility through the use of 
two gratings has been announced by the 
Bausch and Lomb Optical Company, 
Rochester, N. Y. Called a Dual-Grating 
Spectrograph, the instrument is designed to 
meet the increasing demands of atom-age 
spectrography. The instrument is de- 
scribed in catalogue D-272, available from 
Bausch and Lomb on request. The in- 
strument will photograph complex spectra 
found in new metals and materials such as 
high-temperature alloys, uranium products, 
and rare earths. The use of two gratings 
in the new spectrograph provides two differ- 
ent spectral ranges in a single exposure on 
a single plate, or on two different plates. 


TRADE LITERATURE 


Servo-Tek Catalogue. Servo-Tek has 
announced the publication of their cata- 
logue number 47. This 36-page catalogue 
lists new servo motors, motor tachometers, 
and a new line of special transformers. 
Copies may be obtained from Servo-Tek 
Products Company, Inc., 1086 Goffle 
Road, Hawthorne, N. J. 


Supplies and Accessories Catalogue. Air 
Reduction is offering a 36-page catalogue 
covering their line of arc welding oxy- 
acetylene welding supplies and accessories. 
For a copy of this catalogue, ACS 848, 
write to Air Reduction Sales Company, 60 
East 42d Street, New York 17, N. Y. 


Design Data Book. Armco Steel Corpora- 
tion has announced a new design data book 
on nine grades of silicon steel entitled 
*‘“Armco Hot Rolled Electrical Steels.” 
The 88-page book includes curves showing 
various magnetic properties for a very 
wide range of flux densities. Magnetic 
properties of silicon steel made by the Di- 
Max process are shown. A copy may be 
obtained by requesting it on company let- 
terhead. Address: Product Information 
Service, Armco Steel Corporation, Middle- 
town, Ohio. 


Motor Control. Publication of a catalogue 
for electric motor controls has been an- 
nounced by Furnas Electric Company. 
This pocket edition contains 46 pages of 
motor control photographs, specifications, 
and prices. It is designed as a convenient 
ready reference for magnetic starters and 
contactors, push buttons, combination 





VLF HF NM.-208, 150ke to 25me =| UE 

NM-10A, l4ke to 250ke Crip ang bt paiahte id ! NM-50A, 375mc to 1000mc starters, drum controllers, master, food, 
- elf-containe ’ ma ‘ ; 

SRS ves etc 4 oterien AG. soppivephonsl.| SQM! geaulveleMaget | | limit, and pressure switches. Copies of 

des: Includes standard broadcast | includes Citizens band and booklet number 5477 are available from 

E cake oe : perc baie wt » si si Facing UHF color TV-band. . | Furnas Electric Company, 1063 McKee 

Has BF i AJ Street, Batavia, III. 


STODDART AIRCRAFT RADIO Co., Inc. 


6644-B Santa Monica Bivd., Hollywood 38, California - Hollywood 4-9294 


Electrical Insulating Materials. A _ re- 
vised and enlarged 32-page catalogue that 
has descriptive information on electrical 





(Continued on page 58A) 
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No Tools 


> 


To change ratio on 
this metering outfit 


— just turn the handle 


Half a minute instead of half an hour. That’s the 
amount of time you save with Allis-Chalmers me- 
tering outfits equipped for external ratio chang- 
ing. Only Allis-Chalmers provides this time-saving 
convenience. 

External ratio changing is safer, too, because it 
permits floor-level operation. Just de-energize the 
circuit and rotate the handle. All phases are 
changed simultaneously. 

External ratio changing is a standard feature 
on all Allis-Chalmers metering outfits for current 
ratings up through 200/400 amp, 15 kv through 
69 kv. 

Call your nearby A-C office for complete infor- 
mation. Or write Allis-Chalmers, Milwaukee 1, 


Wisconsin. 
A-4643 


Service-proved 
ratio changer 


4 





is the same rugged ‘“‘point 
contact” mechanism used on 
Allis-Chalmers power trans- 
formers. Contacts are self- 
aligning. Contact pressure is 
equal and positive; it is in- 
creased as a result of mag- 
netic forces due to current 
flow. A single current path is 
established by round point 
contact under high unit pres- 
sure against a flat stationary 
surface. This strong wiping 
action cleans surfaces for 
good contact. 


¢«) ALLIS-CHALMERS 
















You get high safety 
factor and sound elec- 
trical design in Alllis- 
Chalmers metering 
outfits. Insulation life 
is extended because 
corona is minimized— 
one more step toward 
longer service life. All 
metering outfits are 
furnished with double 
current ratings to pro- 
vide for future load 
growth. 
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Alcoa Book Gives You the Facts on the Lowest 


Cost Corrosion-Resistant Rigid Conduit! 


Be ready with the answers when the question of 
corrosion-resistant conduit comes up! Come up with 
the right answer, the lowest cost answer: Alcoa® 
Aluminum Electrical Rigid Conduit. 

You’ll find all the facts on this lowest cost corrosion- 
resistant, nonmagnetic rigid conduit in this book 
published by Alcoa. Facts on applications, advantages, 
installation and sizes. Send for your free copy, today. 
Have the facts at your finger tips when you need them! 

Just fill out the coupon and mail to: ALumInuM 
CompaANy OF AMERICA, 2325-E Alcoa Building, 
Pittsburgh 19, Pennsylvania. 





ALUMINUM COMPANY OF AMERICA 


Gentlemen: 


Please send me your book on the lowest cost corrosion-resistant 
rigid conduit: Alcoa Aluminum Electrical Rigid Conduit. 


Name Title 





Company 2m 
Address__ 
City__ 











New Alcoa Aluminum Bus Conductor makes 
bus systems stronger, lighter; cuts costs! Bus 
systems using Alcoa’s new No. 2 EC bus bar provide the 
best combination of strength, light weight and con- 
ductivity at a saving of up to 10%. Specify Alcoa 
Aluminum Bus Conductor. 


Transformers for 
special applications 


Need a transformer for a special or unusual applica- 
tion? Check the qualifications of Caledonia Electronics. 


1. DESIGN EXPERIENCE. Large staff of design 
engineers with extensive experience in circuit design 
—audio, radar, RF, UHF. Engineers who can under- 
stand your circuit needs and know how to meet them. 


2. MANAGEMENT EXPERIENCE. Caledonia’s 
management represents more than 250 years cumula- 
tive experience in the electronics industry . . . almost 
all associated with the manufacture of communica- 
tions transformers. 


3. PRODUCTION EXPERIENCE. Production and 
inspection staffs thoroughly trained in every phase of 
transformer manufacture and quality control. 


This experience has solved successfully hundreds of 
problems in transformer design. For further informa- 
tion and help with your problems, write to 


CALBHDONIA 


[ ELECTRONICS AND TRANSFORMER CORPORATION | 








Dept. EE-5, Caledonia, N. Y. 














American Standard for 
ELECTRIC INDICATING INSTRUMENTS 


Panel, Switchboard, and Portable Instruments 


C39.1-1951 is a revision of the first American Standard on 
Electric Indicating Instruments, C39.1-1949, approved by 
the American Standards Association in March, 1949. This 
new specification is intended to assure that instruments con- 
forming to it will be satisfactory for general industrial use. 
Price: $1.60; $0.80 to AIEE members. 


Available through the Order Department 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
33 West 39th Street New York 18, N. Y. 
5-55 
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Insulation Testing 
with 


BETA OVERPOTENTIAL TESTING 





Write to: 


Beta Electric Corp. 
333 East 103rd St.. N. Y. 29, N. Y 
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WINDINGS 


Long ‘life is assured by the gen- 
erous use of high rag-content 
fullerboard insulation, tied-in 
turns to meet short circuit forces 
and heat-reactive insulating 
varnishes. 


CORE 


Made from high-grade oriented- 
type steel. Has low exciting cur- 
rent and low noise level, and re- 
mains permanently tight to insure 
consistent, quiet performance. 


TAP CHANGERS 


Uptegraff designs feature accessi- 
bility, legibility, short-circuit 
capacity, non-deformable mount- 
ings, 360° rotation stops and ex- 
ceptionally high insulation 
strength. 


R. E. UPTEGRAFF 
MANUFACTURING CO. 


wy 





BUSHINGS 


Securely clamped internally, with 
generous gasket area to prevent 
failure of seals. High-voltage bush- 
ings (under 15 KV) have spring- 
loaded contacts; low-voltage have 
tinned contacts; both for either 
copper or aluminum conductors. 


TANKS 


All parts arc welded. Shot blasting 
assures adhesion of primer and 
finish coats of durable transformer 
paint. Rolled flange on cover per- 
mits high-pressure uniform gasket 
seal. 


SIZES AND RATINGS 
Type UD Transformers are built 
in sizes from 3 KVA to 100 KVA 
with ratings up to 15 KV. 


for free copy of new 
bulletin that details 


characteristics and 
other pertinent data. 


R. E. Uptegraff Manufacturing Co. 
Scottdale, Pa. 


NAME 





ADDRESS. 
CITY. STATE 
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| SWITCHBOARD 


AVB — TA — SHFS 
CABLE and WIRE 


for operating temperatures 
up to 194°F or 90°C; 600V. 


Tinned copper conductor, solid or 
stranded, taped in varnished cam- 
bric or extruded in polyvinyl, then 
felted with carded asbestos; finished 
in durable cotton braid and flame- 
retarding paint.—After all this, it’s 








TRY fo flame it! ready for both Underwriters’ bun- 

sen-burner and Navy spark-gap tests 

Write for stock-catalog, or about —and for years of fixed or flexing 
your special requirements. service ahead! 


GIFT CFTTTIFITESIGORMFOTSIFAFATAVGEIFIFFTAEFEFTEFFAFAAL/IAVEFLES 


RANNAAEANREARERERAAAEAEALRADANAARAGEG 0000 0000010000000. 0% 


CONTINENTAL WIRE CORPORATION 





\. 

. 

Serving 600 to 5 . 
Heat- and Moisture-Resistant Sizes 18 4 WG = 3000000 CM s) 
Wires, Cables and Cords SALES: Box 363, DEPT. MCE ‘4 
PLANTS at YORK, PENNA. WALLINGFORD, CONN. [} 
and WALLINGFORD, CONN. (Phone COlony 9-718) S 
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TYPE F2 CARRIER-TELEGRAPH SYSTEM 


Provides up to 40 teletype circuits on a telephone 
channel. 


This compact, economical, high-grade, long-haul, main- 
line voice-frequency carrier-telegraph system is avail- 
able in two channel spacings. The type F2A system, 
employing 120-cycle spacing between channels, pro- 
vides up to 40 channels in the band of 300 to 4980 
cycles. The type F2B system, employing 170-cycle 
spacing, provides up to 28 channels in the band of 255 
to 4835 cycles. Up to 15 channels with oscillators, relay 
test and metering facilities, jacks and bay terminals 
will mount on a single 8-ft. bay. A channel-terminal 
panel containing send and receive circuits for one 
channel requires only 5%’ and four channel oscillators 
only 1%”’ of space on a 19” rack. A highly-developed 
level-compensation circuit provides practically undis- 
torted signal reception over a wide variation of line 
net loss. Standard loop options are half- and full-duplex, 

battery normal and reversed. 
New and exclusive techniques in the design and 
manufacture of filters and oscillator networks provide 
a higher degree of frequency stability than has pre- 
viously been possible, with resultant reduction in signal 
distortion. This equipment is in current production, and 
early deliveries can be made of complete systems or 

of single panels. 

Typical 6-channel packaged terminal of type F2 equipment. This is the 
type AN/FCC-12 (Channels 1-6) or AN/FCC-13 (Channels 7-12) Tele- 
graph Terminal, as manufactured for the U.S. Army Signal Corps. It is 
pl with regulated-tube rectifiers for plate and bias supply, and 
positive and negative telegraph loop-current supplies, jack field, relay 
test panel, monitor circuits, fuses, spares, etc. The equipment is mois- 
ture- and fungus-proofed, and meets military standards where appli- 


cable. Up to four cabinets may be used together, to provide a completely 
self-contained 24-channel terminal. 








RADIO ENGINEERING PRODUCTS 


« 1080 UNIVERSITY STREET, MONTREAL 3, CANADA 
Telephone: UNiversity 6-6887 Cable Address: Radenpro, Montreal 


MANUFACTURERS OF CARRIER-TELEGRAPH, CARRIER-TELEPHONE AND BROAD-BAND RADIO SYSTEMS 
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(Continued from page 54A) 
insulating materials is available from 
Insulation Manufacturers Corporation. 
For a free copy of the catalogue write to 
Publications Department, Insulation 
Manufacturers Corporation, 565 West 
Washington Boulevard, Chicago 6, Ill. 


Switches Catalogue. Micro Switch, Free- 
port, Ill., a Division of Minneapolis- 
Honeywell Regulator Company, has re- 
leased a new 28-page catalogue, number 
62, on precision snap-action basic switches. 
Over 400 listings of basic switches, auxiliary 
actuators, and terminal enclosures are 
covered. Complete with photographs, di- 
mensioned drawings, terminal variations, 
electrical ratings, and technical informa- 
tion, catalogue 62 is intended to aid the 
design engineer in the proper selection of 
switches for his particular requirements. 


Microwave-Radio System. A complete 
description of 2,000-mc microwave-radio 
systems for a variety of applications is given 
in a new 8-page booklet available from the 
Westinghouse Electric Corporation. Fea- 
tures of type-FR microwave radio and type- 
FJ multiplexing equipment and their im- 
portance to the over-all system are dis- 
cussed. For a copy of this booklet, B-6393, 
write Westinghouse Electric Corporation, 
Box 2099, Pittsburgh 30, Pa. 


General Radio Bulletins. Three new 
bulletins describing General Radio Com- 
pany’s recently developed or improved in- 
struments has been announced. Auto- 
matic line-voltage regulators, type 1570-A, 
Variac (registered trade-mark) motor 
speed controls, and type 7862-B megohm- 
meter, are fully described in these bulletins. 
The type 7862-B megohmmeter provides 
two test voltages, 50 and 500 volts, for the 
measurement of high resistances. Espe- 
cially useful for checking insulation resist- 
ance on all types of equipment, the 
megohmmeter will measure up to 2,000,000 
megohms. Copies of these publications 
are available on request from General 
Radio Company, 275 Massachusetts Ave- 
nue, Cambridge 39, Mass. 


Tube Booklet. Availability of a new 40- 
page designer’s booklet, E7D-985, on 
cathode-ray tubes for industrial and mili- 
tary applications has been announced by 
the General Electric tube department. 
The booklet provides data on 24 standard 
General Electric tube types, and describes 
the company’s engineering and production 
facilities available to meet specialized cus- 
tomer requirements. Technical informa- 
tion in the booklet includes tube essential 
characteristics, gun design factors, and a 
description of standard phosphors covering 
color, persistence, and spectral response. 
The booklet may be obtained from the 
General Electric Tube Department, Sche- 
nectady 5, N. Y. 


Technical Charts Brochure. Technical 
Charts, Inc., of Buffalo, N. Y., offers a new 
12-page catalogue outlining their services 


(Continued on page 60A) 
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WITH YOUR ENGINEERS WHEN YOU 


NEED ipsecial TRANSFORMERS 


25 KVA Dry Type 
< Load Center Trans- 
former with pri- 
mary oil-filled 
fused cut-outs. 
1000 KVA Spe- 
cial Unit Sub. > 
Station — 66,000 to 
2400 volts. 


Working with you, STANDARD engineers can greatly assist in 
planning special transformer installations for a specific need in your plant. 
Experienced STANDARD engineers have an excellent understanding of 
the particular needs of the electrical industry. Custom-designed and built 
transformers are their specialty. There’s a STANDARD TRANSFORMER 


representative near you. Call him today! 


Sereobovel, 


WARREN, OHIO 


REPRESENTATIVES IN PRINCIPAL CITIES 
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in producing recording charts for standard 
and special instruments. It includes sam- 
ples of both dial- and roll-type charts. 
The method of production of over 8,000 
different standard charts is outlined. 
Technical information is given on require- 
ments for special charts. Copies may be 
obtained by writing Technical Charts, 
Inc., 189 Van Rensselaer Street, Buffalo 10, 
Hy 


Oscillographic Recording. A new 6-page 
folder describing the versatile Sanborn 750 
series oscillographic recording systems and 
components is available on request from 
Sanborn Company, Industrial Division, 
195 Massachusetts Avenue, Cambridge 39, 
Mass. The folder contains technical data 
and specifications on 2- and 4-channel sys- 
tems, six available plug-in preamplifiers, 
single-channel recorder, 4-channel system 
for use with analogue computers, and indi- 
vidual portable cases for recorders and 
amplifier-power supply units. 


Torquemeters Bulletin. Baldwin SR-4 
torquemeters and their applications are 
described in 12-page bulletin 4308, issued 
by Baldwin-Lima-Hamilton Corporation, 
Philadelphia 42, Pa. Eight torque pick- 
ups, 0-100 to 0-30,000 inch-pounds, and 
five types of instruments, including manual 
null balancing and automatic indicators 
and recorders, are described and illustrated. 


Information on Titanium Tubing. Tub- 
ing of titanium, the promising and com- 
paratively new metal, is described in bulle- 
tin 43, recently published by Superior Tube 
Company, Norristown, Pa. The 8-page 
bulletin ‘“Titanium, New Member of the 
Family of Metals,”’ presents the most up-to- 
date information on the fabrication of un- 
alloyed titanium tubing. Subjects covered 
include heat treating, pickling, welding, 
brazing, and machining. Copies of this 
publication may be obtained by addressing 
requests to Superior Tube Company, 
1517 Germantown Pike, Norristown, Pa. 


Color and Spectrophotometry. A new 
service that eliminates human error from 
specifications of colors for industry and the 
government has been established at Armour 
Research Foundation of Illinois Institute of 
Technology. The color service was set up 
on a test basis to aid industrial concerns 
that manufacture colored products. It was 
made available through the acquisition of 
a General Electric recording spectropho- 
tometer, an instrument that standardizes 
colors by reducing them to curves on a 
graph. A booklet, “Color and Spectro- 
photometry,” describing the uses of the 
Foundation’s spectrophotometer, has been 
made available. Copies may be obtained, 
free of charge, by writing the Optics Sec- 
tion, Armour Research Foundation of 
Illinois Institute of Technology, 10 West 
35th Street, Chicago 16, III. 


Wire and Cable. A new illustrated bulle- 
tin on shielded wire and cable for micro- 
phone and sound systems is now available 


(Continued on page 64A) 
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Left — Heavy, felted asbestos walls are applied 


over and under the varnished cambric tapes 
...then thoroughly impregnated ... 
Right — then the impregnated as- 
bestos is compressed to a dense, 
homogeneous wall that en- 

sures long cable life. 


Tere) .< 
| oX-Jal-t-lia 
| alemclecite. 


... that’s where 
) quality begins 





felted asbestos walls 
assure long cable life 


N.E.C. Type AVA cables may look alike, permanently heat-resistant wall. Heat dis- 
but a look under the braid shows how  sipation is uniform. Dielectric strength is 


time-proven Rockbestos A.V.C. Type AVA 
is built to ensure long life. 

Each asbestos wall in Rockbestos A.V.C. 
construction is a dense, homogeneous, 
“seamless tube” . . . long, silky fibres of 
asbestos, thoroughly impregnated with 


maintained under severe conditions. This 
seamless construction cushions the cable, 
protects the varnished cambric from rupture 
in the sharpest bends. 

Write for the test and construction speci- 
fications of Rockbestos A.V.C. available in 


selected compounds, make a nonporous, the new booklet: “Specification RSS-88”. 








STOCKED COAST TO COAST 
Standard Rockbestos A.V.C. con- 
struction (N.E.C. types AVA, AVB, 
etc.) are available for immediate 
shipment. Call or write nearest 
branch office. 














NEW HAVEN 4, CONNECTICUT 
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TWIN 
Bibliography on 


t Telemetering 


by yi | Ee. (December 1954) 


B z i Sponsored by the 
- AIEE Group Subcommittee 
on Telemetering 
of the 
AIEE Committee on Instruments 
and Measurements 


5 This Bibliography (S-68) 
os “- covers the field of mobile and 
16% Pounds stationary telemetering as it 
relates specifically to prob- 
lems of remote measurement. 
The contiguous fields of 
carrier current transmission 
and supervisory control, while 
not excluded, are covered 
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MODEL S-15-A 


TWO IDENTICAL 


INDEPENDENT onlyinsofaras there is thought 
OSCILLOSCOPES to be direct bearing on the 
WITH COMMON defined subject. Other bibli- 
TIME BASE 


ographies which will be di- 
rected more specifically to 
these related subjects are 
now in preparation. 


In a restricted compilation 
such as this, it has been con- 


Ke , sidered best to arrange the 
ANOTHER EXAMPLE OF PIONEERING... items in annual groups after 


the year 1920, when the sub- 
The WATERMAN TWIN POCKETSCOPE, model S-15-A, presents a y ; * 


new concept in multiple trace oscilloscopy with independent vertical channels ject began to be treated with 
each having a sensitivity of 10 millivolts rms/inch, and a response within some regularity in technical 
—2 db from DC to 200 KC—a pulse rise time of 3 microseconds. These features ‘ Withi h 
combined with the provisions for intensity modulating either, or both, traces, literature. ithin each an- 
results in greater flexibility. The sweep generator is operated either in the nual group the listing is alpha- 
repetitive or triggered mode from 0.5 cycles to 50 KC with synchronization hetical b thor’ N 
polarity optional. All attenuators and gain controls are of the non-frequency tic y authors name. NO 
discriminating type. Remember that portability has not been overlooked! attempt has been made to 


The amazing small size of the S-15-A tips the scales of opinion heavily in its ; : 
favor. Imagine, all of these essential characteristics in an instrument weigh- strive for completeness prior 


ing only 1614 lbs. You can carry it to any job, anywhere! to 1920 since such historical 
investigation would appear to 


WATERMAN PRODUCTS CO., INC. | | bv only limited, or, at best, 


PHILADELPHIA 25, PA. very special interest. 
CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE Price: 50 cents 















S-4-C SAR PULSESCOPE® (no discounts for members) 
S-5-A LAB PULSESCOPE ‘ : 

$-6-A BROADBAND PULSESCOPE Copies may be obtained from: 
$-11-A INDUSTRIAL POCKETSCOPE® 

$-12-8 JANized RAKSCOPE® Order Department 
S-14-A HIGH GAIN POCKETSCOPE AMERICAN INSTITUTE OF 
ScRs<a TaN $08 EERE ECOre ELECTRICAL ENGINEERS 
RAYONIC® Cathode Ray Tubes 33 West 39th Street 


and Other Associated Equipment New York 18, N. Y. 





A 
WATERMAN PRODUCTS 
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Power company specifies silicone insulated fan motors because 


they cost less to buy . . . less 


This 1000 hp, 1190 rpm forced draft fan motor, 
for example, has been operating for over four 
years in ambient temperatures up to 54 C at 
the Philip Sporn plant on the American Gas & 
Electric System. 

Starting against cold air as many as 4 times 
a day, it is overloaded by 30% to bring its total 
rise to 120 C with a total output of more than 
1300 hp. Built by the Elliot Company, the coils 
of this particular motor are wrapped with Silastic 
R Tape to give maximum vibration resistance. 


Because it is smaller and easier to install than 
an equivalent 1500 hp conventional motor, it 
costs less to buy. And because it can safely 
carry the high initial loads, it operates at maxi- 
mum efficiency with no power factor correction 
under normal loads. 


to install . . . less to operate. 


That's why there are 40 Class H fan motors rated 
from 1000 hp to 1500 hp currently in service on 
the American Gas & Electric System with 20 more 
on order from several leading manufacturers. 
These experiences and purchases confirm the 
findings of other progressive power companies. 


And what better proof could there be of the fact 
that Class H insulation made with Dow Corning 
silicones, saves money and increases the life, 
reliability and capacity of electric machines? 


This experience also confirms the conclusions 
of another eastern utility, the Consolidated Edison 
Company who have long been buying Class H 
for major motors. For them, and for you, silicone 
insulation means more power and greater 
dependability — at less cost. 


You can also reduce toa 
minimum motor outages 
due to bearing failure 
by using Dow Corning 
44 Grease 


In open and single 
shielded bearings 
designed for high temper- 
ature operation, Dow 
Corning 44 has 8 to 10 
times the life expectancy 
of conventional greases. 
Itgives life-time lubrication 
in permanently sealed 
bearings. 


Branch Offices 


DOW CORNING 


Why delay? -mail the coupon today! 


Please send me 


© More performance data on Class H 
© List of Class H rewind shops 


| CORPORATION 


ATLANTA «+ CHICAGO 





Dow Corning Corporation, Dept. 4105, Midland, Michigan 


0 List of Class H Motor and [J Class H Titansformer Manufacturers 

















seer onngnetsonemamen -secmnneamee: ecennsanntn. 880% 0 


* CLEVELAND * DALLAS « DETROIT e LOS ANGELES ° NEW YORK 


Cenade: Dow Corning Silicones Ltd., Teronte: © Great Britain: _idiond Silicones Ltd., leaden ®@ France: St. Gobain, Paris 


ORONO AE 


Name___ __Title_ 

Company siiaiatnaianepiauaninintcetgpuigstie 

Address cendieeminns liad 
City. Zone_ 


__ ae pamnede’ 


* WASHINGTON, D.C. 


(Silver Spring, Md.) 
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Let Hevi Duty Help You Choose 


THE RIGHT SPECIALTY 
TRANSFORMER 





This autotransformer is 

used for reduced-voltage starting of 
synchronous and induction motors. 
50, 65 and 80 percent taps are nor- 
mally provided. Terminals may be 
mounted on the coil or leads. 


This is just a small sample of 
the broad line of specialty 
transformers built by Hevi 
Duty Electric Company. They 
are available in all sizes with 
any desired primary or sec- 
ondary voltages or frequen- 
cies. All are designed to meet 
or exceed NEMA standards. 





Type SICB, 150 VA, 230/460-11& 
volts, enclosed style with a_ built-in 
thermal circuit breaker for overload 
protection. This compact unit saves 
valuable panel space. 


Type SIO, 10 VA, 
primary 110/220 volts 


CONTROL WINDING FILAMENT WINDING 


Secondary 230 volts, Secondary 6.3 volts, 
.032 amps, 7.4 VA .3 amps, 1.9 VA 





Low-voltage pilot 
light transformers up 
to 600 V primary. 


a 








FEEV-IE BUY. 





Write for bulletins HD-499 and 
T-5111 or send us your require- 
ments. 








HEVI DUTY ELECTRIC COMPANY 


MILWAUKEE 1, 


Heat Treating Furnaces . 
Dry Type Transformers 


WISCONSIN 


. . electric exclusively 
Constant Current Regulators 





Please mention ELECTRICAL ENGINEERING when writing to advertisers 





(Continued from page 60A) 


from Whitney Blake Company, New 
Haven 14, Conn. Bulletin SW-7 describes 
the company’s new microphone cables 
with semiconducting textile shield as well 
as the conventional types with braided cop- 
per shield. The company’s new speech 
input and sound system cables with semi- 
rigid polyvinyl chloride insulation are in- 
cluded in this publication. 


Thermal Power Stations Booklet. En- 
gineers who are dealing with supervision 
and control problems in thermal power 
plants will be interested in a new 32-page 
booklet which gives detailed information on 
this subject. Copies may be obtained free 
of charge from Hartmann and Braun A. G., 
Frankfort/Main, Falkstr. 5, Germany. 


Lighting Equipment. The ten catalogue 
sections of lighting equipment, which have 
been issued by The F. W. Wakefield Brass 
Company, Vermilion, Ohio, have been 
designed for brevity in copy, and simplicity 
in drawing and tables. In addition to the 
increased availability of modular materials 
and equipment, a major development of the 
1950’s has been the recognition of lighting 
equipment in original planning of struc- 
tures. These have bearing upon the 
generally ‘‘architectural” flavor of the 
catalogues, which does not detract from 
the factual material presented in this series. 


Transistor Design Sheets. A 10-page set 
of design sheets describing transistors and 
their application is available from the West- 
inghouse Electric Corporation. Design 
data are given for three new Reliatron (reg- 
istered trade-mark) transistors, P-N-P 
junction types 2N54, 2N55, and 2N56. 
General semiconductor theory is discussed, 
and equivalent circuits and equations are 
derived for grounded-base, grounded- 
emitter, and grounded-collector connec- 
tions. Circuits for a phonograph pre- 
amplifier and an audio oscillator are shown 
to illustrate typical transistor applications. 
For a set of transistor design sheets, write 
Westinghouse Electronic Tube Division, 
Commercial Engineering Department, 
P. O. Box 285, Elmira, N. Y. 


Film Strip on Transformer Protection. 
A new 35-mm color sound film strip, 
‘Kilowatt Insurance,” which explains the 
basic theories of transformer protection 
against lightning, short circuits, and over- 
loads, has been released by Allis-Chalmers 
Manufacturing Company. The film runs 
about 20 minutes, and diagrams the various 
methods of protecting transformers and 
interconnecting devices. Internal and ex- 
ternal views of distribution transformers 
point out design characteristics to meet 
service conditions. Prints of ‘Kilowatt 
Insurance” for showing before engineering 
and utility training groups are available 
on request from the motion picture section, 
Allis-Chalmers Manufacturing Company, 
General Machinery Division, Milwaukee 1, 
Wis. 


(Continued on page 68A) 
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FIRST AGAIN! 


NEW NATIONAL BRUSH GRADES BEAT HIGH-TEMPERATURE 





CONDITIONS IN SILICONE-INSULATED MOTORS AND GENERATORS 





ELECTRICAL DESIGN ENGINEERS are welcom- 
ing two new grades of “National” motor 


brushes—N-2 and N-6—as the answer to high- . 


temperature dusting of brushes in totally- 
enclosed, general-purpose motors and gen- 
erators having class H (Silicone) insulation. 


GRADES N-2 and N-6, first brushes specifi- 
cally designed to resist silicone vapors at 
elevated temperatures, handle a wide range 
of commutation requirements, Originally 
formulated for a special military application, 
results were so favorable that these new 
grades are now part of the complete 
“National” brush line. 


WHEN YOU BUY BRUSHES, remember this— 
there are more “National” brushes on rotat- 
ing d.c. equipment than any other brand! 
Whatever your needs, there are “National” 


brushes that will help your equipment do a 
better job at the lowest overall cost. 








Yours for the asking... 
National Carbon’s in- 
structive pamphlet series 
on the practical aspects 
of motor and generator 
maintenance. Super- 
visors should request as 
many copies as they 
need to distribute per- 
sonally to their men. 














The term “National’’, the Three Pyramids Device and the 
Silver Colored Cable Strand are registered trade-marks of 
Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
Los Angeles, New York, Pittsburgh, San Francisco 
IN CANADA: Union Carbide Canada Limited, Toronto 
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cell sizes to choose from. 


Here are “Dry-Plate” Recti- 
fiers that you can count on 
for low cost, efficient results. 
You get the same uniform, 
high quality with each cell 
because they’re monufac- 
tured by perfected, vacuum 
process. Widest range of 
Fungus and salt 


spray resistant finishes available. 


SYNTRON COMPANY 


440 Lexington Ave. 


Homer City, Pa. 
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“The Hew 
MUELLER MINI-GATOR 


(miniaturized alligator clip) 


Half an “alligator” is better than one!... the 
Mini-gator is half the length of standard alligator 
clips. It’s the smallest clip ever made, for quick 
temporary electrical connections. 


IT’S THE ONLY MINIATURIZED CLIP 
IN THIS AGE OF MINIATURIZATION! 
Steel (cadmium plated) or 

solid copper '- ao 


foul open 3/16” 
Nose 11/64” O.D. 


Illustrated actual size 


SKIN-TIGHT 
VINYL PLASTISOL INSULATOR ‘ 

Sold separately. Covers 

Mini-gator right down to 

the nose but flexes to permit, 

full jaw opening. Will not tear. 
Slotted insulator tip gives“lip action” which in- 
sulates and covers teeth whether open or closed. 


Write.to factory for free samples 
and complete information. 


bd 1557 G E. 3ist Street, 
Miller Clectic. Cleveland 14, Ohio 
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WE CARRY IN STOCK 
LL SIZES, ALL SHAPES 
ALL GRADES 


Cast and Sintered 


CARBOLOY, 


Permanent Magnets 
EXPERIMENTAL OR PRODUCTION QUANTITIES 


call PERMAG 


For Prompt Attention 


GRINDING 
MAGNETIZING 


AUTHORIZED SALES AND SERVICE 


CARBOLOY 


DEPARTMENT OF 7ENERA ELECTRIC 


PERMAG CORP. 


TAAFFE P BROOKLYNS NY 








Stationary 
Switches 


Special 5-terminal stationary 
switch illustrated is used with 
TORQ SYNCRO-SNAP centri- 
fugal unit in electric motor 
applications. Simple single 
arm design eliminates exces- 
sive number of moving parts, 
it permits easy assembly of 
ball as well as sleeve bear- 
ing mofors and provides for 
longer trouble-free service. 


-- TORQ STATIONARY | Vo 
SWITCHES are produced to Pay 
your exact physical require- 
ments. 


-.+.+in any size or shape 


- at ratings to specifications 


-+- to punctually meet 
delivery schedules 
- for motors, limit and sequence control, 


overspeed and underspeed detection, etc. 


Write, wire or phone today for additional 
information or send prints for quotation. 


Centrifugal Stationary Dust-proof 
Switches Switches Switches 


ENGINEERED PRODUCTS, INC. 
BEDFORD, OHIO * PHONE BE 2-4100 
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After TWO years of field-testing, here’s the 


A F IMPROVED 






roa pte HAE CORD 
gal 













than ever before! 


It has greater pliability 7 
when cold! .& | 
\X 


It’s much easier and faster \ 
to machine-strip / 


New TIREX CORD retains its 
Selenium Neoprene Armor 
for added toughness. 


New TIREX CORD is still cured 
in lead to make it smoother, 
denser and more uniform. 


The New TIREX is the most 
supple, limber TIREX Cord 


ever made! 


Find out more about the New TIREX CORD. 


Tl REX Write to the address below for Folder 1022 today. 
=—— SIMPLEX WIRE & CABLE C0.,79 Sidney St., Cambridge 39, Mass. 
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PROTECTED UNDER STODDART PATENTS 


Precision Attenuation 
to 3000 me! 


TURRET ATTENUATOR featuring “PULL-TURN-PUSH” action 


arn oa 
c to me. 
F sin SINGLE “IN-THE-LINE” CHARACTERISTIC. IMPEDANCE: 
ATOR PADS ohms 
pene CONNECTORS: 
and Type “‘N” Coaxial female fittings each end 


"AVAILABLE ATTENUATION: 
. nt Ror Any value from .1 db to 60 db 
ERMIN ; VSWR: 
° <1.2, de to 3000 mc., for all values from 10 
to 60 db 
<1.5, de to 3000 mc., for values from .1 to 
9 db 
ACCURACY: 
+0.5 db 
POWER RATING: i aaa 
One watt sine wave power dissipation 


Send for free bulletin entitled 
“Measurement of. RF Attenuation” 


Inquiries invited niaiien pads or 
turrets with different connector styles 


STODDART AIRCRAFT RADIO Co., Inc. 


§644-B Santa Monica Blvd., Hollywood 38, California - Hollywood 4-9294 





(Continued from page 64A) 


Better Transformers. To instill in its 
employees a desire to turn out a better 
product, and to provide practical help to 
that end, Allis-Chalmers’ Pittsburgh Works 
recently carried in its employee magazine, 
A-C Spotlight, a series of articles entitled, 
‘What Can I Do to Help Make Better 
Transformers?” Authored by J. B. 
Hodtum, manager of central station en- 
gineering at Pittsburgh Works, the articles 
were written to give employees a better 
understanding of transformer theory. The 
articles have been collected into bulletin 
form for those concerned with the applica- 
tion of transformers, and fundamentals of 
transformer design and construction. Title 
of the 20-page booklet is “The ABC’s of 
Transformer Design and Application.” 


Booklet on Air-Borne Electric Power. 
A 31-page booklet on air-borne electric 
power is available from the Westinghouse 
Electric Corporation. The booklet em- 
phasizes, through illustrations and text 
material, the facilities available for develop- 
ing, producing, and testing aircraft electric 
system and components. The booklet 
covers such subjects as systems engineering, 
development, environmental, mechanical, 
and load tests, and manufacturing facil- 
ities. Many components of air-borne 
electric systems are also discussed. For a 
copy of booklet B-6392, write to Westing- 
house Electric Corporation, Post Office 
Box 2099, Pittsburgh 30, Pa. 


Control Systems for Nuclear Reactors. 
Leeds and Northrup Company offers com- 
plete “‘package” control systems for any 
type of research or power reactor. The 
company reports that package systems, 
including design, instrumentation, and 
fabrication of the complete control, provides 
the qualities necessary for accurate control 
without elaborate customizing. For fur- 
ther information, request folder ND46-70- 
700 (7), “Control Systems for Nuclear 
Reactors,” from Leeds and Northrup 
Company, 4934 Stenton Avenue, Philadel- 
phia 44, Pa. 


Franklin Institute Booklets. The Frank- 
lin Institute Laboratories for Research and 
Development is stressing and expanding its 
section on engineering psychology. Ex- 
perimental psychology, engineering anal- 
ysis, probability, and statistics, are repre- 
sentative disciplines the Institute used in 
its engineering work. In order to acquaint 
businessmen with this and other services 
of the Franklin Institute, a series of booklets 
is being prepared. The facilities of the 
Institute will be illustrated, problems it is 
equipped to handle will be outlined, and 
projects now underway or already com- 
pleted will be discussed. The first 
brochure, ‘Engineering Psychology,” is 
available as of April 1. Others in the 
series will describe the Institute’s activities 
in product research and development, 
automation, lubrication, and bearings, etc. 
Those wishing to receive these booklets 
should write to the Franklin Institute and 
ask to be put on their mailing list. 
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A-NMIP CAN SOLVE 
ALL YOUR TERMINATION 
“s PROBLEMS IN THE 
POWER EQUIPMENT FIELD 


jonal oF 
wer 


solve 
mal 


....0n all power equipment, welders, generator sets, power 
units, machine tools, regulators, reactors, rectifiers, electric 
brakes, switching equipment, railroad equipment, signal equip- ? 
ment and metering equipment. A-MP has the answer for Send today for your 
your wiring problems for power generation, transmission and free Circular Mil Area 
distribution. Consult A-MP. Slide Rule. 


Another example of AMP sass shake 
Creative Approach to. Betton Wiring PRE-INSULATED y NON-INSULATED 


A-MP HAS IT! A-MP HAS IT! 


AND THE RIGHT TOOLS FOR THE JOB. 
CA-MP® 


AIRCRAFT-MARINE PRODUCTS, INC., 2100 Paxton Street, Harrisburg, Pa. 
In Canada: AIRCRAFT-MARINE PRODUCTS OF CANADA, LTD., 1764 Avenue Road, Toronto 12, Ontario, Canada 
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CALL FLINT TO HELP 
MEET YOUR POWER LOAD 


















































FLINT STEEL CORPORATION 


P. O. BOX 1289 


TULSA, OKLAHOMA 





VOLTAGES UP TO 100KV 
AND 60 CYCLE 


IN PULSE, RF, 


CIRCUITS MAY BE READ DIRECTLY 
ON JENNINGS J-1002 VOLTMETER | 


For the first time, vacuum capacitor voltage 
dividers have been integrated with a high im- 


pedance voltmeter to provide: 


(“ Six linear voltage ranges including a 50 
KV range for single-ended measurements 
and a 100 KV range for double-ended 
measurements. (These ratings may be 
doubled by using a Type JCD vacuum ca- 
pacitor in series with each divider.) 


j“A frequency range of 20 cycles to 20 
megacycles at full rated voltage and up 
to 50 megacycles for lower voltages with 
low harmonic content. 


i“ Nearly infinite input resistance with a 
loading capacitance of less than 4 mmfd. 


Oscilloscope connections for each divider 
with voltage division ratios of 300:1. 
Use it alone or with either divider con- 
nected directly to the vertical deflection 
plates of an oscilloscope. Use it to 
measure and view continuous 60 cycle, 
rf, and pulse voltages. Use it to cali- 
brate oscilloscopes and to measure 
percentage of modulation, standing 
wave ratios, phasing, or unbalance. 
Use it to measure positive peaks, nega- 
tive peaks, or peak-to-peak values of 
any symmetrical or non-symmetrical 

voltage wave. 


SPECIFICATIONS 
VOLTAGE RANGES (peak volts full scale): 
Single Ended: 2.5, 5, 10, 25, 50 KV 
Double Ended: 5, 10, 25, 50, 100 KV 
FREQUENCY RESPONSE: 20 cps — 50 mc 
INPUT IMPEDANCE: 
Resistance: above 1012 ohms 
Capacitance: less than 4 mmfds 


CALIBRATION ACCURACY: 3% of f. s. 
POWER SUPPLY: 117 v., 50/60 c., 20 w. 


DIMENSIONS: 16” x 10” x 10%,” 
NET WEIGHT: 11 pounds 


ENUM, 


sate 


SOLD ica BY JENNINGS 


0 FOB SAN JOSE 
475.50 catironnia 


including two 60 KV voltage dividers 


JENNINGS RADIO MANUFACTURING CORP,- 970 McLAUGHLIN AVE. P.0.BOX.1278 - SAN JOSE 8, CALIF 
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the ANSWER fo 
greater flexibility and simplification 
of installation — a combination 
Photo-Electric Control & Beacon Flasher 


Mercury 
Line Reloy 


Model LC 2074 Tower Lighting 
Control Unit 


Three Models: for two, three, four, 
and five light level categories. 
Models LC 2072 and LC 2073 provide for 
alternate flashing of two beacon levels. 
Write for Bulletin HPS-135 


HUGHEY & PHILLIPS, INC. 
Manufacturers of 
300MM Code Beacons, Obstruction Lights, 
Photo-Electric Controls, Beacon Flashers, 
Microwave Tower Control & Alarm Units, 
Remote Lamp Failure Indicator Systems, 
and Complete Tower Lighting Kits. 
3300 North San Fernando Bivd. 
BURBANK, CALIF. 











NyGrip 
Aut Nyton 


gee | 
Ge. 
‘Ss 


© Type 4 (shown above full size) 
holds 1/16” to 4" dia. wiring, 
ine etc. @ Prices reduced 
@ Also black nylon. screws, nuts, 
perforated strapping now avail- 
able © Non-corrosive @ Light 
weight @ Tough @ Flexible 
— Write — 
WECKESSER CO. 

52°4N. Avondale Ave., Chicago, Ill. 
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ROEBLING PAPER POWER CABLE 
WITH TELLURIUM LEAD ALLOY SHEATH 












YOU WANT 


@ EXTRA FATIGUE RESISTANCE, 


PLUS 


@ LOWEST LONG-TIME CREEP RATE, . 
@ HIGH BURSTING STRENGTH, 
@ TOP STABILITY UNDER HEAT, 


@ ABOLITION OF FREQUENT STOP JOINTS 
OR REINFORCED LEAD SHEATH, 


@ ABOLITION OF NEED FOR GENEROUS 
EXPANSION BENDS OR LARGE MANHOLES... 


@ THE DEPENDABILITY ASSURED BY OUR EXCLUSIVE 
MANUFACTURING, TESTING AND FIELD EXPERIENCE... 


IN SHORT, ee 
YOU WANT o 


ROE Ee Li Ri ¢é& 


Subsidiary of The Colorado Fuel and Iron Corporation 
JOHN A. ROEBLING’S SONS CORPORATION, TRENTON 2, N. J. eRANCHES: ATLANTA, 934 AVON AVE. 


ROOSEVELT RO. + CINCINNATI, 3253 FREDONIA AVE. + 





* BOSTON, S! SLEEPER ST. + CHICAGO, 5525 w. 
CLEVELAND, 13225 LAKEWOOD HEIGHTS BLVD. 


* DENVER, 46801 JACKSON ST. + DETROIT, 9t5 
FIGHER BLOG. + HOUSTON, 6216 NAVIGATION BLVD, + LOS ANGELES, 


5340 €. HARGOR ST. ¢ NEW YORK, 19 RECTOR ST. ¢ ODESSA, TEXAS, 


1920 ©. 2ND ST. + PHILADELPHIA, 230 VINE ST. «© SAN FRANCISCO, 1740 17TH ST. © SEATTLE, 9OO0 IST AVE. SBS. * TULSA, 321 N. 
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CHEYENNE ST. * EXPORT SALES OFFICE, TRENTON 2, N.d- 











Thorex 


lightning arrester 


protection 
INCREASED 
15% 












































A new series gap structure, making 
possible further refinements in valve 
block composition, has resulted in a 
substantial lowering of IR discharge volt- 
age in the Thorex GP lightning arrester. 
This has the effect of increasing its pro- 
tective performance by approximately 
15 per cent. 

Corresponding improvments have 
been incorporated in other Thorex ar- 
resters, Types MP and MPR. Every Thor- 
ex arrester fully complies with all pub- 
lished standards for Station Grade ap- 
paratus of this type. 

Thorex has always given you a bar- 
gain in protection with a premium in 
performance. Now, with its improved 
protection, it is an even better buy. 
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MANSFIELD : OHIO, U.S.A. 


4523-H 
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32 SENIOR ENGINEERING JOBS 


WELL WORTH LOOKING INTO... 


Senior Engineer 


MEASUREMENTS 
& STANDARDS 


7-10 years in field of electrical 
and electronic measurements 


Senior Engineer 


DYNAMICS 


Senior Engineer 


ELECTRONICS 








6-10 years experience in ana- 
lytical dynamics and control 
system synthesis. Some famili- 
arity with structural dynamics 
and microwave systems is de- 
sirable. Ability to direct and 
train engineers. Advanced 
formal training in analytical 
dynamics and/or servo loop 
analysis is essential. 


and standards. Knowledge of 
and experience with calibration 
of instruments and test equip- 
ment in fields of vibration, 
impact, microwave, UHF & VHF, 
video and audio and associated 
equipments such as DC and AC 
meters, ‘scopes, bridges and 
recorders. Supervisory ability 


6-10 years experience 
in missile or radar 
electronics. Advanced 
education or equivalent 
development experi- 


required. 





Here are three especially attractive job op- 
portunities for engineers who want to get 
on the ground floor in the important, in- 
teresting, and challenging phase of a new 
industry —guided missiles. 

Qualified men are given real job responsi- 
bilities with Bendix and grow with the de- 
velopment of what is not only the nation’s 
most important weapon system, but a project 
that will undoubtedly lead to new and im- 


ence is highly desirable. 





portant long-range commercial application. 

At Bendix you will be associated with top 
missile authorities and have at your command 
unexcelled engineering and manufacturing 
facilities. Salaries for these top jobs and other 
opportunities are open for discussion. Write 
today to: Mr. W. L. Webb, General Manager, 
Missile Section, Bendix Products Division, 
Bendix Aviation Corporation, 402 North 
Bendix Drive, South Bend, Ind. 





23 OTHER ENGINEERING POSITIONS! 


Bendix also offers unusual job opportunities detail every phase of our guided missile oper- 
for assistant engineers, junior engineers, ation will be sent to you on request. If you are 
and technicians, as well as a score of other interested in guided missiles, this book is 
assignments. A 30-page book describing in bound to interest you. Write for it today. 
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ENGINEERS AND 


You'll find RCA opportunities 


A whole new program of expansion 
at RCA—in Research, Systems, Design, 
Development and Manufacturing—opens a 
broad variety of permanent positions with 
all the features that appeal to the alert, 
creative engineer. These are opportunities 
with a future...available today for the 
man who wants to move ahead profession- 
ally with the world leader in electronics. 
They include work in fields of phenomenal 
growth. At the RCA engineering labora- 
tories listed in the chart on the right, you'll 
find the kind of living and working condi- 
tions attractive to the professional man and 
his family. 

Engineers and scientists find every 
important factor that stimulates creative 


AVIATION ELECTRONICS 
ELECTRON TUBES 
COMPUTERS 

MISSILE GUIDANCE 
RADIO SYSTEMS 


effort ... including a quality and quantity 
of laboratory facilities unsurpassed in the 
electronics industry...and everyday 
association with men recognized at the top 
of their profession. 

RCA’s benefits add up to an impres- 
sive list of ‘‘extras.’”” Among them: tuition 
for advanced study at recognized univer- 
sities ...a complete program of company- 
paid insurance for you and your family... 
a modern retirement program . . . relocation 
assistance available. 

Your individual accomplishments 
and progress are recognized and rewarded 
through carefully planned advancement 
programs. Financially as well as profession- 
ally, you move ahead at RCA! 
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SCIENTISTS: 


Check the chart below for openings in your field. 





TYPE OF DEGREE AND YEARS OF EXPERIENCE PREFERRED 


Chemistry 
Ceramics 
Glass Technology 

Metallur 


1-2} 2-3] 44+] 1-2] 2-3) 44] 1-2] 2-3] 44+] 1-2] 2-3 | 4+ 





Mechanical 
Engineers 


Electrical 
Engineers 


FIELDS OF ENGINEERING ACTIVITY 


Physical 
Science 








SYSTEMS 


(Integration of theory, equipments, and environment 
to create and optimize major electronic concepts.) 


AIRBORNE FIRE CONTROL 
DIGITAL DATA HANDLING DEVICES 
MISSILE GUIDANCE 

INERTIAL NAVIGATION 

















COMMUNICATIONS 





DESIGN e DEVELOPMENT 
COLOR Tv TUBES — Electron Optics— Instrumental Analysis 
—Solid States (Phosphors, High Temperature Phenomena, 
Photo Sensitive Materials and Glass to Metal Sealing) 


RECEIVING TUBES— Circuitry—Life Test and Rating—Tube 
Testing—Thermionic Emission 


MICROWAVE TUBES— Tube Development and Manufacture 
(Traveling Wave—Backward Wave) 


GAS, POWER AND PHOTO TUBES— Photo Sensitive Devices— 
Glass to Metal Sealing 


AVIATION ELECTRONICS— Radar— Computers—Servo Mech- 
anisms—Shock and Vibration—Circuitry— Remote Control 
—Heat Transfer—Sub-Miniaturization—Automatic Flight 
— Design for Automation—Transistorization 




















~ 








:, RADAR— Circuitry— Antenna Design—Servo Systems— Gear 
Trains—Intricate Mechanisms— Fire Control 





COMPUTERS—Systems— Advanced Development—Circuitry 
—Assembly Design—Mechanisms— Programming 





COMMUNICATIONS — Microwave — Aviation — Specialized 
Military Systems 


RADIO SYSTEMS — HF-VHF— Microwave — Propagation 
Analysis—Telephone, Telegraph Terminal Equipment 


MISSILE GUIDANCE—Systems Planning and Design— Radar 
—Fire Control—Shock Problems—Servo Mechanisms 


COMPONENTS — Transformers— Coils—TV Deflection Yokes c 
(Color or Monochrome)— Resistors 


MACHINE DESIGN 
Mech. and Elec.—Automatic or Semi-Automatic Machines 











QO [Zl nol/mOZ *OZi nO) OZ 
QO | "Zl/ "ol m"OoBZi"OZ "Oz "OF 
OO ("EF “Oo Mos *ozZi "OZ "OF 
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C—Camden, N. J.—in Greater Philadelphia near many suburban 
communities. 


Location 
Code 


F—Florida—on east central coast. 


H—Harrison, N. J.—just 18 minutes from downtown New York. 


ES aie ee oe 
Sai a eee — 
POR». 


Please send resume of education and experience, 
with location preferred, to: 


L—Lancaster, Pa.—about an hour's drive west of Philadelphia. 
M—Moorestown, N. J.—quiet, attractive community close to Phila, 
0—ov d tic and overseas locations. 


W—Waltham, Mass.—near the cultural center of Boston. 





Mr. John R. Weld, Employment Manager 
Dept. C-2E, Radio Corporation of America 
30 Rockefeller Plaza 

New York 20, N. Y. 


RADIO CORPORATION OF AMERICA 


Copyright 1955 Radio Corporation of America 
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FOR 
ELECTROMECHANICAL 
DESIGNERS... 

IN THE DEVELOPMENT 
OF RADAR AND 
COMPUTING EQUIPMENT. 


The most advanced developments 
in electronics are being made in the 
sphere of airborne radar and 
related ground control systems 
because of military emphasis. 
Further applications of 
electromechanical techniques in these 
fields are creating new openings 

in the Systems Division of 
Hughes Research and 
Development Laboratories. 


Engineers who have demonstrated ingenuity 
and inventive ability will find interest in areas 
of work that call for devising reliable, main- 
tainable, manufacturable designs for precision 
equipment developed at Hughes Research 
and Development Laboratories. 

The design of this equipment, manufac- 
tured at Hughes, involves mechanical, elec- 
tromechanical, electronic, microwave and 
computing problems. Design also requires 
the use of such advanced techniques as sub- 
miniaturization, unitized “plug-in” construc- 
tion, with emphasis on design for volume 
production. Knowledge of electronic com- 
ponents, materials, finishes and military speci- 
fications is useful. 


ENGINEERS 
experienced in the field 

of electromechanical 

design at the research 

and development level, or 
those interested in 
entering this area, will find 
outlets for their 

abilities and imagination. 


SCIENTIFIC AND 
ENGINEERING STAFF 


HUGHES 


RESEARCH 
AND DEVELOPMENT 
LABORATORIES 


Culver City, Los Angeles County 
California 
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Physicists 
and 
Engineers 


are required for 


INDUSTRIAL 
ATOMIC POWER 





PHYSICISTS — in following areas: 
Reactor design and analysis, 
basic reactor physics, shielding 
problems, instrumentation and 
control. 


ENGINEERS — in following areas: 
Response-stability characteristics 
under transient load conditions, 
mechanical design of components, 
thermal and fluid systems anal- 
ysis, control systems and instru- 
mentation. 


WESTINGHOUSE ELECTRIC CORP. 
INDUSTRIAL ATOMIC POWER 
BOX 355 © PITTSBURGH 30, PA. 


























ENGINEERING 
MANAGER 


Well established manufac- 
turer of electrical equip- 
ment has opening for 
Engineering Manager with 
thorough knowledge of and 
experience in electrical sub- 
station transmission and 
distribution systems. Must 
have degree in Electrical 
Engineering and be aggres- 
sive as well as display or- 
ganizational and adminis- 
trative ability. Must have 
personality and tact to suc- 
cessfully handle people. 
This is an excellent op- 
portunity with good future 
possibilities. All applica- 
tions will be kept in 
strictest confidence. Mail 
detailed resume to: 


Box 301 
Electrical Engineering 
500 Fifth Avenue 
New York 36, New York 





dicing 























ELECTRONIC 
ENGINEER 
EXECUTIVE 


Well established manufacturer 
and developer of  electro- 
mechanical and mechanical in- 
struments is expanding its facili- 
ties and offers a challenging 
opportunity to a graduate elec- 
trical-electronic engineer, who 
will spear-head the design and 
development of electrical and 
electronic products. Must have 
background of experience which 
has pandastsaapl ebilicy to ful- 
fill the requirements of this 
position. 


All replies held in strict con- 
fidence. Please send a complete 
resume including salary require- 
ments to: 


Sturgess, Inc. 
711 W. Broadway 
Glendale, California 
































Engzneers e 


To design new oil-refineries 
and chemical plants. The 
work is basically the engi- 
neering of power generation 
facilities and the design of 


power distribution systems. 


Please send your resume 
to our Personnel Depart- 
ment. Your letter will re- 
ceive immediate and con- 


fidential attention. 


C F BRAUN & CO 


Engineers @ Constructors 


ALHAMBRA, CALIFORNIA 
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THE CHALLENGE 


OF CREATIVE 


ENGINEERING 





At IBM, engineers are continually exploring the frontiers of man’s 
knowledge in the expanding field of electronics. 

Here, where the known meets the unknown, they are confronted 
every day with challenges that call for truly creative 
thinking—new ideas, new concepts, new applications. 

In IBM’s modern laboratories, engineers find the advanced 
facilities and, even more important, the atmosphere of freedom 
so vital to the search for knowledge and the stimulation 

of achievement. 

If you are interested in this kind of engineering opportunity, and 
have the necessary background, we would like to have you visit 
our Poughkeepsie, N. Y., Laboratory. Here we can demonstrate— 
beyond the power of printed words—that IBM provides the 
environment and opportunity you have been seeking. We suggest 
that you write, outlining your interests, to William M. Hoyt, 
Room 305, IBM, 590 Madison Avenue, New York 22, N. Y. 


INTERNATIONAL BUSINESS MACHINES CORPORATION 


World’s 
Largest Producer 
of Data 
TRADE-MARK Processing Machines 
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anne ancien e ee mee 
Electronic 


ELECTRICAL ENGINEERS and 
PHYSICISTS Acrenavtien 
TECHNICAL WRITERS ails i 
CONTRACT ADMINISTRATORS the Navy, Office of Naval 


MATHEMATICIANS Research, is currently re- 


cruiting electronic and aero- 


i nautical engineers. The 
f you have a background in electronics, there is a good entrance salary for these 
job waiting for you in the fastest growing firm in America's fastest positions is $5,940 per year. 
growing technological field. Requirements are a degree 


in engineering, plus 2 years 
of professional engineering 
experience (6 months must 
have been in electronic or 
aeronautical engineering). 


At Remington Rand’s ERA Division you can participate in the 
further development of the famous ERA 1102 Computer, the new 
Univac File Computer, and special new developments in data- 
handling, communications, and instrumentation. 


Pay, special benefits, and opportunities for advancement are For information telephone 
excellent. FLushing 7-8300 or POrt 
Washington 7-3800, exten- 

Send a resume sion 212, or mail applications 

of your training and experience to: to the Industrial Relations 


Officer, Department of the 
REMINGTON RAND, | a oe ee 

| nc. search, Special Devices 
ENGINEERING RESEARCH ASSOCIATES DIVISION Center, Port Washington, 
1902 W. Minnehaha Avenue e St. Paul W4, Minnesota N. Y. 














AIEE REPORTS 


These publications are.proposals for new standards or test codes, or revisions of present publications, which are in 
the formative stage. They are made available without cost, so that all interested individuals may obtain them for 
study and comment, thereby supplying practical experience in their use before submission for adoption. 


1A General Principles for Rating of Electric Apparatus for Short-Time Inter- 
mittent or Varying Duty (September 1941) 


1C Test Code for Evaluation of Systems of Insulating Materials for Random- 
Wound Electric Machinery (January 1954) 


16A Electric Control Apparatus for Land Transportation Vehicles (April 1951) 
51 Guiding Principles for Dielectric Tests (September 1949) 


52 Application Guide for Grounding of Instrument Transformer Secondary Cir- 
cuits and Cases (March 1951) 


53 Guide for Operation and Maintenance of Dry Type Transformers with Class 
B Insulation (October 1952) 


54 Standard Test Code, and Recommended Practice for Induction and Dielectric 
Heating Equipment (October 1952) 


56 Insulation Maintenance Guide for Large A-C Rotating Machinery (May 1954) 
502 Test Code for Single-Phase Motors (November 1941) 
504 Test Code for Carbon Brushes (October 1953) 


505 Proposed Test Code for Power Factor Testing of Power Transformers 
(January 1955) 


954 Application Guides for: Ground-Fault Neutralizers; Grounding of Syn- 
chronous Generator Systems; and Neutral Grounding of Transmission 
Systems (October 1954) 


American Institute of Electrical Engineers 
33 West 39th St., New York 18 
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There’s ‘‘growing room’’ for many kinds of engineers at Boeing 


Boeing engineers are at the top in many 
fields, thanks in part to facilities like this 
wind tunnel. It is the most versatile 
privately owned one in the world. 


Mechanical, electrical, civil and aero- 
nautical engineers, mathematicians and 
applied physicists—all benefit from 
Boeing’s insistence on engineering excel- 
lence. There are genuinely creative jobs 
at Boeing right now. Boeing engineers 
design equipment to the closest possible 
tolerances to “weigh nothing and take no 
space” —to do jobs that have never been 
done before, under great environmental 
handicaps of temperature, pressure and 
vibration. If this challenge interests you, 
then there’s “growing room” for you on 
one of Boeing’s airplane or guided missile 
“teams” in research, design or production. 


As a result of long-range planning and 
solid growth, Boeing now employs nearly 
twice as many graduate engineers as at 
the peak of World War II. These mem- 
bers of aviation’s most respected design 
and research group developed the B-47 
and B-52 jet bombers, the IM-99 guided 
missile, and America’s first jet tanker- 
transport. New and widely diversified 
projects are under way: supersonic flight, 
research in rocket, ram jet and nuclear 
propulsion, guided missile control, and 
much more. 


Boeing engineers work with the most 
modern equipment, including electronic 
computers, chambers that simulate alti- 
tudes up to 100,000 feet, superb labora- 
tories, and the multi-million-dollar new 


Flight Test Center. 


With these advantages of facilities and 
opportunity for advancement, you can be 
sure of individual recognition at Boeing. 
Your achievements as a member of a 
tightly knit design or project “team” are 
recognized by regular merit reviews, and 
by Boeing’s policy of promoting from 
within the organization. 


* JOHN C. SANDERS, Staff Engineer— Personnel 
Boeing Airplane Co., Dept. E-21, Seattle 14, Wash. 


Please send further information for my analysis. 
| am interested in the advantages of a career 
with Boeing. 


Name 





University or 


college(s)__ ______ Degree(s) Year(s) 


Address 


City pe ee State__ 


BSOLMNM& 


Aviation leadership since 1916 
SEATTLE, WASHINGTON WICHITA, KANSAS 
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Engineering 
ieties 
New York 
8 West 40th St. 


Chicago 
84 East Randolph St. 





Personnel Service, Inc. 


San Francisco 


Detroit 
100 Farnsworth Ave. 57 Post St. 








Men Available 


CONSTRUCTION ENGR, elec and mech; 30, mar- 
ried; B.S.E.E. and M.E.; pwr and management; 
veteran; 10 yrs diversified exper in supervn and inspec 
constr and maint, circuit analysis, motor control, pwr 
distr, system planning, plant layout, pwr plant and 
machy installation, eqpt testing. Exper in handling 
rsonnel. Two overseas contracts completed. Fluent 
panish with knowl Italian, Portuguese and French; 
active passport. Will consider pos anywhere in world 
provided wife can accompany applicant. E-815. 


ENGR, B.E.E.; age 30; licensed N. Y. State; exper in 
plant des, additions and alterations, boiler, refrigeration, 
compressor and pumping plants, commercial and indus 
light and pwr distr and Ermer deny E-816. 


ELEC ENGR, B.A.Sc. 1950, Univ of Toronto; regis 
profengr; married, 31, excellent health; 1 yr as field 
engr with elec contractor on indus constr; 3 yrs in pwr 
eneration, paper mill and hardboard mill fields. 
upervn, maint, constr and control circuit exper. Will 
consider pos in U. S. or foreign. Presently in Canada. 
Canadian citizenship. E-817. 


ENGRG EDUCATOR, A.L.E.E., A.S.E.E., Sigma Xi; 
41, married; dr engg, 5 yrs industry, 6 yrs teaching; 
versatile, resourceful. Desires teaching pos. E-818- 
171-Chicago. 


ELEC ENGR, B.S.; 30, married; 8 yrs exper; 5 yrs 
telephone, 2 yrs Navy elec and electronics, 1 yr con- 
sulting and switchboard layout and des. Prefers to 
locate in Iil. or Wisc. E-819-172-Chicago. 


ELEC ENGR, B.S.E.E.; 26, married; 3 yrs exper indus 
elect eqpt; field inspec of workmanship, materials; 
suprv testing, energization of ts prem = schematics 
against shop drawings; coordinates subcontractors. 
Presently, advisor to Chief Engr. E-820. 


DIR OF ENGRG OR CHIEF ENGR; Physics degree; 
20 yrs supervn incl radar and flight trainers, indus 
controls for heating, prod processes, wind tunnels— 
using pneumatic, hydraulic, elec-mech and electronic 
devices. Specialized exper in patent protection sys- 
tems, recruiting and morale bldg with engrs and estab- 
lishing and controlling engrg budgets. Will relocate. 
E-821-174-Chicago. 


ADMIN OR MANAGEMENT: B.S.;_ regis prof 
E.E., Cal.; 43, married; 18 yrs exper primarily elec- 
tronics and communications, engrg des, lab supervn, 
factory asst mgr., sales engrg, broad general engrg 
background. Working knowl of Spanish. Desires 
_ engrg or sales engrg management or admin pos. 
ocation preferred, San Francisco peninsula or southern 
Cal. E-822-SF-2-3. 
PLANT ENGR, EE, ME, PE; age 37; able to direct, 
coordinate, supervise engrg and plant maint personnel 
relative to plant layout, mach ben, plant prod opern, 
eae exper elec and electronic automation controls. 
-823, 


Positions Available 


SENIOR ELECTRONIC ENGINEER, electrical 
graduate, up to 45, with five or more years’ experience 
in research or development and some consulting work 
on electronics and communication equipment and 
oe. Salary, to $12,000 a year. Location, 
New York or New Jersey. W-911. 


SENIOR PROJECT ENGINEER, graduate electrical 
or electronic engineer, with about ten years’ experience 
in electronic design, preferably in recording field, in- 
cluding a period spent in coordinating and supervising 
two or more design engineers; ability to estimate project 
costs accurately and establish realistic engineering 
scheduled for execution of projects. Salary, to $9000 
a year. Location, New York, N. Y. W-961, 


CHIEF ENGINEER for product department, mechan- 
ical or electrical graduate, to direct all engineerin 
activities covering design, manufacture, installation oa 
operation and research activities in electrical and 
mechanical process equipment fields. Salary, $10,000— 
$12,000 a year. Location, East Coast. W-964. 


DEVELOPMENT ENGINEER, electrical graduate, 


with at least five years’ developing and designing house- 
hold appliances and related mechanical devices; cap- 
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able of carrying project through from initia concept, 

sketches, models to finished design and layout. Will 

assigned to develop new products and modify present 

— line. Salary, $7500-$8000 a year. Location, 
ew England. W-988, 


ELECTRICAL ENGINEER, 28-40, with B.S. degree 
or better, to work as Staff Assistant. Duties will in- 
clude technical supervision of operation and servicing of 
low and high frequency measuring equipment and low 
and high voltage De test equipment. Electronics 
experience desirable. Salary open. Location, New 
England. W-1000. 

ELECTRICAL ENGINEER, graduate, with at least 
five years’ experience protective relay work with electric 
operating utility company. Relay studies, system de- 
velopment studies and general technical electrical operat- 
ing and design work. Some travel in Latin America. 
Knowledge of Spanish or Portuguese desirable, but not 
essential. Salary open. Headquarters, New York, 
N. Y. W-1008. 


ELECTRICAL ENGINEER for a testing laboratory; 
some experience in the wire and cable industry; knowl- 
edge of ultra-high frequency equipment used in testing 
RF coaxial cables. Salary open. Location, New 
York State. W-1038. 


ASSISTANT TO VICE PRESIDENT in charge of 
power. Must have responsible experience in public 
utility field covering use surveys, construction estimates, 
cost and rate analysis, etc. Background in hydroelec- 
tric systems helpful. Position with multi-city system in 
Latin America. Salary open. F-1081. 


APPLICATION ENGINEER, 35-60, electrical grad- 
uate, familiar with industrial electrical equipment 
produced; to apply to economical design of heavy 
overhead traveling cranes and rolling mill machinery 
his knowledge of various electrical components such as 
motors, switch gear mechanisms and electrical controls. 
Salary, $6600-$8400 a year. Location,Ohio. W-1133. 


ASSISTANT PROFESSORS, 3; Ph.D. or Doctor of 
Science in electrical engineering or physics, but would 
consider M.S.; one with interest in microwave theory 
and research; one interested in network theory and 
research; one interested in computors. All positions 
available in September 1955. Appointment on a ten- 
month basis. ocation, Midwest. W-1161. 


ENGINEERS. (a) Designer, electrical, with M.S. 
degree in electronics or B.S. degree and two years’ 
experience in the electronics field for the design of carrier 
equipment, industrial controls, plus some transistor 
circuit work. (b) Design Engineer, electrical, with 
railroad experience, for developmental and design work 
on relay circuits, centralized traffic control signaling 
services. Involves extensive investigations and handling 
of customer service. Salary open. Location, New 
York State. W-1200. 


DEVELOPMENT ENGINEER, electrical, with at 
least two to three years’ experience in relay circuit work, 
for developmental work on relay circuits, centralized 
traffic control, interlocking and other railway contro] 
and signaling devices. Location, New York State. 
W-1201 (a). 


ELECTRONIC ENGINEER, M.S. in electrical engi- 

neering, with two yenrs’ experience on circuit develop- 

oa Salary, to $7000 a year. Location, New Jersey. 
-1211. 





NOTE: Closing date for material to be 
set in the classified advertising column, as 
well as cancellations for running ads, must 
be received not later than the first of the 
month preceding issue; i.e., duly first 
for August issue. 
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PROFESSOR of electrical engineering and Chairman 
of the Department; 35-45; must have Doctorate and 
have i in electronics. Industrial experience 
desirable. Should be interested in research and de- 
= a of graduate work. Location, New England. 


PROJECT ENGINEER, 30-39, electrical graduate, 
with electrical design and power plant engineering ex- 
perience in process industry for staff position covering 
power generation, distribution, selection of equipment, 
specifications, reports on motors, generators, trans- 
formers, rectifiers, switchgear, controls and distribution 
systems. Some _traveli Salary, $7000 a year. 
Location, West Coast. -1236(a). 


CHIEF ENGINEER, electrical, chemical or mechanical 
graduate, with at least ten years’ engineering experience, 
plus i administrative ability, to head up engineer- 
ing department of leading manufacturer a industrial 
rocess equipment in metropolitan Boston area. Salary, 
$12,000-81 ,000 a year. Employer will pay fee. W- 


PROFESSOR for electrical engineering department. 
Should have Ph.D. degree or Krotmionsi Regineer’s 
license in New York State. Will teach electrical 
engineering courses and would, perhaps, be considered 
for a chairmanship. Salary, $8300-$12,050 per aca- 
demic year. Location, New York State. -1282. 


ELECTRICAL ENGINEER, graduate, to 30, with four 
to five years’ experience in electrical distribution, for 
work with Canadian company. Location, Latin 
America. F-1304. 


DESIGNER, electrical graduate, 25-35, experienced in 
power wiring, power control; ability to handle minor 
electronic and D.C. range drives required. Salary, 
$6000 a year. Location, New Jersey. W-1323(a). 


ASSISTANT PROFESSOR with Doctor of Philosophy 
or Doctor of Science degree, majoring in electrical 
engineering, to teach undergraduate and graduate 
courses to electrical and non-electrical students; to 
assist with ogy we of laboratory equipment and 
facilities. ust have training in electronics, instru- 
mentation and servo-mechanisms. Opportunity for 
research work, Salary, $5400-$6500 a year. Location, 
East. W-1339. 


ASSISTANT PROFESSOR for engineering physics; 

must have advanced degree. Will head up program. 

Will consider recent graduates as well as men with 

a or academic experience. Location, South. 
-1354. 


DEVELOPMENT ENGINEER, electrical or mechan- 
ical, 38-50, with ten years’ experience in development 
field in duplicating or smal] mechanical products. 
Will be required to develop ideas into a workable type 
of mechanisms, direct model shop and carry through to 

roduction. Company manufactures office equipment. 
Salary, $7500-$9900 a year. Location, Chicago, III. 
C-2732. 


PROJECT ENGINEER, Heating Controls, mechanical 
or electrical, 30-45; with at least five years’ —. 
in research and development in heating controls, oil or 
gas. Knowledge of A.G.A. and Underwriters’ require- 
ments. Will work as project engineer on the develop- 
ment and design of heating controls for gas and oil 
burners. Salary, $7000-$8500 a year. Employer will 
negotiate fee. Location, Chicago, Ill. C-2761. 


CHIEF ENGINEER, Motor and Generator Section, 
from 35, with ten years’ experience in electrical design 
of motors or generators. Knowledge of electricity, 
design and some mechanical background. Will super- 
vise motor-generator section in both electrical and 
mechanical } ser st of commercial motors and generators 
in range of fractional and small integral horsepower 
sizes. Experience should include single and poly-phase 
motors and D.C. motors and generators. Salary, to 
$7000 a year. Employer will negotiate fee. Location, 
Ohio. C-2839. 


SALES ENGINEER, electrical, 27-35, with three to 
five years’ experience. Must have experience in, and 
know people in, aircraft building companies and know 
electrical and electronic controls. Will develop sales of 
temperature control ye ge in aircraft companies; 
ak oa of company’s St. Louis office. Will also be 
required to develop sales in railroad electrical and heat- 
ing opportunities. Company will screen for sales 
aptitude and will train in sales if man has adequate 
background. Salary, $6000-$7200 a year. Employer 
will pay fee. Traveling; car required. Location, 
Missouri. C-2856. 


ELECTRONIC DESIGNER, M.S. in electrical engi- 
neering, with at least five years’ experience in design of 
communication network circuits. Company manufac- 
tures communication equipment. Salary, $7200- 
$10,800 a year. Employer will negotiate fee. Loca- 
tion, Chicago, Ill. C-2845, 


SALES ENGINEER, chemical, mechanical or electrical 
engineer, 25-35, with knowledge of electrical heating. 
Will do inside sales work by phone or direct counter 
contacts for line of electrical heating units for all indus- 
trial and commercial application. Salary, $5400 a year. 
Location, California. -2857. 
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SANDIA 
<ORPORATION 


invites you to compare 


«/ OPPORTUNITIES 
~~ ADVANTAGES 


. with those of other research and development organ- 
izations. The ‘‘good" job is one in which you can be 
happy. You alone can decide the relative importance of 
such things as professional challenge of the work, pro- 
motion possibilities, work environment, job security, 
geographical location, climate, etc. In all these respects, 
Sandia Laboratory can meet the expectations of most 
engineers and scientists in the following fields — 


® mechanical engineers 
® electronics engineers 
* electrical engineers 

© physicists 

® mathematicians 

® aerodynamicists 


® quality control 
engineers 


® test engineers 


SANDIA CORPORATION, a subsidiary of the Western 
Electric Company, operates Sandia Laboratory under con- 
tract with the Atomic Energy Commission. Simply stated, 
Sandia's job is to build usable weapons around the ex- 
plosive nuclear components developed at nearby Los 
Alamos Scientific Laboratory. Graduate engineers and 
scientists will find excellent opportunities in the fields of 
component development, systems engineering, applied 
research, testing and production. 


COMPENSATION is competitive with that offered in other 
industry. Working conditions are excellent and employee 
benefits include liberal paid vacations, free group life 
insurance, sickness benefits and a generous contributory 
retirement plan. Opportunities for advancement in this 
young and growing laboratory are many. 


SANDIA LABORATORY is located in Albuquerque —a 
modern, cosmopolitan city of 150,000, rich in cultural and 
recreational attractions and famous for its excellent year- 
around climate. Adequate housing is easily obtained. For 
descriptive literature giving more detailed information on 
Sandia Laboratory and its activities — or to make applica- 
tion for employment — please write: 


PROFESSIONAL EMPLOYMENT DIVISION 


SANDIA 


SANDIA BASE ® ALBUQUERQUE, NEW 


1D1 


1) 8 2p. @ Gere) 
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Creative Enginecring 
Opportunities 
with Republic 


Research 


Antenna Engineer 


To conduct pattern studies, design 
prototype antennas and supervise 
flight tests of new antenna installa- 
tions. College graduate in Physics, 
Math or E.E. 


Electronic Instrumentation 

Engineer 

Three to five years aircraft instru- 
mentation experience required. 
Knowledge of transducers, ampli- 
fiers and recording equipment used 
in experimental research testing of 
hi-speed jet aircraft is essential. 
Knowledge of servo loop theory as 
applied to aircraft systems coupled 
with ability to properly instrument, 
record and analyze is desirable. 
Graduate with E.E. degree pre- 
ferred. 


Electronics Engineer 


Familiar with airborne electronic 
equipment (communications, navi- 
gation I.F.F., Radar and Auto- 
pilots), preferably with 2 to 4 years 
aircraft experience. Should be a 
college graduate. Duties will in- 
clude system investigations, estab- 
lishing test procedures and conduct- 
ing environmental tests on airborne 
electronic equipment and compo- 
nents. 


Senior Power Plant Engineer 


Three to eight years aircraft power 
plant experience. Capable con- 
ducting power plant testing in 
conjunction with jet engine and 
induction system analysis. B.S. 
in M.E. or A.E. 


Please address complete resume, 
. outlining details of your 
. technical background, to: 


- Mr. R. L. Bortner 
: Administrative Engineer 


STEP UELAE AVIATIEY 
FARMINGDALE, LONG ISLAND, NEW YORK 
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ENGINEERS 


for immediate placement 
ENGINEERING AT NCR: 


1. Immediate, permanent positions in Mechanical 
and Electrical Engineering Divisions. 


2. Engineering project work involving design and 
development of mechanical, electronic, electromechani- 
cal devices, and electronic data processing equipment 
in Business Machine applications. 


3. Some experience in development, design, and 
application of high-speed, light-weight mechanisms 
of the intermittent motion type is desirable. 


4. Openings also for Mechanical and Electrical 
personnel for writing technical and application litera- 
ture describing newly-developed machines. 


5. Ample training and indoctrination is available 
to all employees. 





ELECTRICAL ENGINEERS 

MECHANICAL ENGINEERS 
ELECTRONIC ENGINEERS 
MECHANICAL DRAFTSMEN 


AS AN NCR ENGINEER you, with your family, will 
enjoy: 


1. UNLIMITED OPPORTUNITY in the broad, ever- 
expanding field of Business Machine Engineering. 

2. AN EXCELLENT SALARY, plus exceptional bene- 
fits of lifetime value for you and your family. 


3. A RECREATIONAL PROGRAM for year-round 
enjoyment of the entire family including a new Country 
Club with 36 holes of golf, and a 166-acre park for 
outings with swimming, boating, and supervised play for 
the children. 

4. LIVING IN DAYTON...considered one of the 
cleanest and most attractive cities in the Midwest with 
outstanding school facilities. 

5. YOUR WORK AT NCR with its friendly, family 
atmosphere, with its employee morale at a very high 
level, and with people who, like yourself, have decided 
to build their professional future with NCR. 








ACT AT ONCE—Send resume of your education 
and experience to: EMPLOYMENT DEPARTMENT, TECHNICAL PROCUREMENT SECTION 


THE NATIONAL CASH REGISTER COMPANY 


Dayton 9, Ohio 











CLASSIFIED ADVERTISING 


For help and situations wanted, $2.00 per line. 
Sale and purchase of used machinery, etc., 
$2.50 per line, minimum § lines, maximum 30 
lines, not available to dealers. Address orders 
to: Classified Section, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 36, N. Y. 


When answering an advertisement, send all 
replies to box number specified c/o ELECTRI- 
CAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y., unless other address is given. 





Positions Wanted 


EXPERIENCED SALES ENGINEER with following 
among designing offices, utilities, distributors, and 
dealers, graduate and licensed Electrical Engineer, mem- 
ber T.B.P., E.K.N. etc., wishes to represent manufac- 


turer (e.g.: illumination or distribution equipment, 
heaters, etc.), South California area. Box 260. 
ATTORNEY—ENGINEER, BSEE, LLB, AIEE. 


Available June, age 28, married, veteran, 2 years U. S. 
Navy electronic experience 2 years consultant experi- 
ence. Prefer patent, contract negotiation, utility rate, 
technical need sc wae or corporate legal work. Will re- 


locate. Box 279. 


ELECTRICAL ENGINEER, 25, BSEE, family, passed 
PE exams, 3 years Naval officer, specializing in de- 
oo, magnetic amplifiers, and underwater construc- 
tion. Civilian experience in substation construction, 
electrical furnaces, electro-etching. Available in No- 
vember, 1955. Would like foreign shore duty. Ltjg 
H. A. Pahl, USS AMPERE (ADG-11) Fleet Post Office, 
San Francisco, California. 


ELECTRICAL ENGINEER, BS in EE desires position 
with REA, Municipality or small utility, Experienced 
in all types of distribution and transmission line con- 
struction and maintenance. Capable of assuming 
complete charge on a system basis. Box 302. 
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ELECTRICAL ENGINEER, BEE, 2 years experience 

in research and development of electronic soutgmmont, 

magnetic amplifiers and magnetic materials, ires 

copeumeye position, not necessarily in field of experience. 
ox 303. 


ELECTRICAL ENGINEER, BSEE, MSEE, age 30, 
family, 5 years full-time teaching at state university, 
3 years research-development as Senior Development 
Engineer. Desires supervisory position or Associated 
Professor offer. Available June, 1955. Box 304. 


ELECTRICAL ENGINEER, extensive experience in 
design, application, and installation of industrial elec- 
trical equipment in the U. S. and Europe. Seeks posi- 
tion in application or installation of electrical apparatus 
in Europe. Box 305. 


ANALOG COMPUTER ENGINEER, BEE, MSEE, 
experienced in design, development and supervision in 
the analog computer field. Desire position with small 
progressive company. Box 306. 


Positions Open 


ELECTRONIC RESEARCH AND DEVELOPMENT 
positions are available to men with intelligence, imagina- 
tion and the desire to produce significant work. Our 
firm is devoted entirely to research and development, 
numbers about 1000, and is owned by one of the nation’s 
leading universities. Our salary and benefit programs 
are competitive with industry. Almost every Conch of 
electronics is covered in our program, and internal funds 
are available for research on promising individual ideas. 
Additional information on current openings will be sent 
upon request. Cornell Aeronautical Laboratory, Inc., 
Buffalo 21, New York. 


TEACHING POSITIONS for September 1, 1955, are 
available at a University in the Southeast. Instructors, 
$3,500—-$4,300; Graduate Assistants (M.S. in 12 
months), $110 per month, tuition free. Box 237. 


PRINTED COMPONENTS SPECIALIST—A mid- 
western electronics company has an excellent opportu- 
nity for an engineer possessing a comprehensive back- 
ground in the printed circuit component field. 

technical requirements for this position include: 1) 
Extensive general knowledge of currently used printed 
circuit manufacturing processes. 2) Extensive detailed 
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knowledge of tape resistor and deposited film resistor 
manufacturing processes. Ability to conduct advanced 
research and development in this field. 3) Extensive 
detailed knowledge of currently used printed circuit 
capacitor manufacturing processes. Abilit to conduct 
advanced research and development in this field. Salary 
open. Will poy. moving expense. Inquiries treated 
confidentially. Box 286. 


TAPE RESISTOR SPECIALISTS—Openings at 
junior and supervisory engineering levels for men quali- 
fied to conduct advanced research and development work 
in the tape resistor field beyond the present state of art 
for printed circuit applications. id-west location. 
Salary open. Will assume moving expense. Inquiries 
held in confidence. Send complete background infor- 
mation to Box 287. 


PUBLIC SERVICE COMPANY OF NEW MEXICO 
HAS POSITION OPEN FOR GRADUATE ELEC- 
TRICAL ENGINEER capable in Distribution, Sub- 
station and Transmission work with minimum experi- 
ence of 5 years and under 40 years of age. Job will be 
50 per cent field work. Send full particulars and asking 
salary to Walter J. Dolde, P. O. Box 1360, Albuquerque, 
New Mexico. 


DISTRIBUTION ENGINEERS—Graduate Electrical 
Engineers—Senior—at least 10 years field experience 
with operating utility company. Junior 3 years experi- 
ence. Permanent position long established consulting 
organization New York. Some travel Latin America 
necessary in future. Knowledge of Spanish or Portu- 
uese useful. Salary commensurate with experience. 
eply stating age, education, experience, personal par- 
ticulars and minimum salary expected. Box 264. 


ELECTRICAL ENGINEER—Graduate with at least 5 
years experience protective relay work with electric 
operating utility company. Relay studies, system de- 
velopment studies and general technical electrical oper- 
ating and design work. Permanent — long estab- 
i consulting organization. eadquarters New 
York. Some travel Latin America. nowledge of 
Spanish or Portuguese desirable, not essential. Salary 
commensurate with experience. Reply stating age, 
education, experience, personal particulars and mini- 
mum salary expected. Box 265. 


GRADUATE ELECTRICAL ENGINEERS—ONE 
SENIOR—TWO JUNIORS—Senior at least 10 years 
experience—Junior 3 to 5 years experience in electrical 
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design, operation and construction of steam, hydro plants 
and substations. Permanent position with long estab- 
lished consulting organization for public utility operating 
companies located Latin America. Headquarters New 
fork. Some travel necessary in future. nowledge of 
Spanish or Portuguese useful—not essential. Salary 
commensurate with qualifications. Good opportunity. 
Reply stating age, education, experience and personal 
particulars. Box 269. 


PROFESSORIAL POSITION OPEN on the faculty 
of the Department of Electrical Engineering of a mid- 
western university. Faculty rank and salary will be 
determined upon the qualifications of the applicant 
selected. Position starts in September, 1955. K PhD 
degree is desirable, but not necessary, if the applicant 
has a sufficiently strong research and publication record. 
Box 289. 


ELECTRICAL ENGINEERS, recent graduates. 
Leading temperature control manufacturer has oppor- 
tunity for several men to train as application engineers in 
the lay-out of Heating, Ventilating, and Air-Condition 
control systems. Location in the Long Island City area. 
Send complete resume to Box 290. 


ELECTRICAL ENGINEER with small air-circuit- 
breaker-design experience. Send resume of back- 
ground, experience and salary desired. Box 291. 


CIRCUIT DESIGNER, degree not required. To work 
on automatic weighing machinery and large scales 
process control projects. New Jersey location. Box 
292. 


Here are challenging opportunities ir ewly 
ELECTRICAL ENGINEER, degree required, elec- SATO Ep ee 4 Petes ly 
tronics and instrumentation assignment in research formed Division of a pioneer electronics firm 


laboratory. Experience desirable. Remote _ control for continued growth and responsible positions. 
apparatus, servo mechanism, strain gauge, bridge de- 


iia... Se INVESTIGATE SYLVANIA‘S OPPORTUNITIES NOW! 


INSTRUCTOR—MSEE—Degree required plus two The following 

years teaching or industrial experience minimum. CAREER POSITIONS 
Salary $4,020 to $4,920 for approximately 9 months 
service. Approximately $1,000 annual income addi- are now open 
tional available for Night School teaching. Location 
New York Metropolitan area. Write Box 294. 


BOSTON BUFFALO 
ASSISTANT INSTRUCTOR—BSEE required. Sal- 5 5 i i 
ary $3,120 to $3,720 for approximately 9 months service. Engineering Laboratory Engineering 


Approximately $1,000 annual additional income avail- 
— for Night School teaching, gotough mgs Majors in E.E., M.E., Majors in E.E., M.E., or 
graduate work is recommended. Location New York al ae + . tag 
Metropolitan area. Write Box 295. Math, Physics. Re- Physics. Experienc — 
search & Development Product Design and 


DISTRIBUTION ENGINEERS—Two competent Spr 2s Advanced Develop- 
graduate electrical engineers, age 30 to 40, with Countermeasures ment in 

minimum 8 years experience design, operation and a : . 
maintenance of distribution facilities, required by Systems Analysis Mechanical Design 
rapidly growing utility desirable location South America. 


Portuguese or Spanish useful—not essential to start. Transistor Applications Shock & Vibration 
Reply stating age, education, experience, personal par- A : anf. coast 
ticulars and minimum salary expected. Box 297. Noise Studies Subminiaturization ; 
Antenna Res. & Dev. Microwave Applications 
SALES MANAGER-—Age 30-40. Aggressive and of Systems Development Pulse Techniques 


roven ability. Should have degree in Electrical : ° : 
ngineering and be totally familiar with Electrical Power Mechanical Design Servo Mechanisms 
Equipment, especially switchgear. Location Puget _ soatt j 

Sound. Salary Open. Detailed application should Miniaturization F. M. Techniques” . 
include salary requirements, education, experience, Digital Computer Equipment Specifications 
personal background, photo and references. Applica- 


tions held in strictest confidence. Write Box 298. circuits & systems Circuit Design 


INSTRUCTOR OR ASSISTANT PROFESSOR pesaet Becign ecaotinbepetal 

needed by September 1955 for Electrical Engineering Shock & Vibration Systems Development 
Department of a state supported engineering school. i iti 

Expanding enrollment provides excellent opportunities Technical Writing Components 
for advancement. Must have at least a Master’s degree Missile Analysis Mechanization 
in mage = agg . Industrial and waaeee 
experience desirable. Salary depends upon qualifica- 
tions and experience. Location is in a religious and INTERVIEW and RELOCATION EXPENSES 
cultural community of about 12,000 population. nd : : . 
summary of experience to: W. E. en, Head E. E. will be paid by Sylvania 


Department, Louisiana Polytechnic Institute, Ruston, Sylvania provides financial support for advanced 


Louisiana. ‘ ; , 
education as well as liberal insurance, 
TEACHING POSITIONS AVAILABLE in civil and pension and medical programs. 


electrical engineering. Write Dean of Administration, 
Fresno State College, Fresno, California. Please forward resume to: 


ARE: YOU aM Riacratoal. Moros pesos Professional Placement Supervisor 
ENGINEER? Wincharger wants a successful experi- \ SYLVANIA ELECTRIC PRODUCTS INC. 
enced Electrical Design Engineer with administrative TI ATi Rendell K , 
ability for an expanding Engineering Department in its romas A. Lierney anda A. Kenyon 
Fractional and Integral Horse Power Motor Division— 70 F orsyth Street 175 Great Arrow Ave. 
capable of assuming responsibility for design, develo aN 

ing, and testing of electric motors, generators (both A. C. Boston, Mass. Buffalo 7, N. Y 
and D. C.), 400 cycle inverters, and dynamotors—perma- 
nent opportunity for man interested in a creative and 
challenging career. (Relocation expenses will be paid) 
Reply stating age, education, experience, personal 


= and minimum salary expected. F. S. Dale, \ . XS ELECTRIC PRODUCTS INC. 


incharger Corporation, Sioux City, Iowa. 


Your inquiri. 7 ) 

ENGINEER—Large Eastern Public Utility has vacancy tay <1  aphoae peel mega 
for man 25 to 35 to assist in preparation of economic - 
studies on distribution system. Experience in distribu- 
tion work and knowledge of distribution practices neces- 
sary. Reply stating age, experience, education, per- 
— particulars and minimum salary expected. Box 
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Wanted: A man with at ns 


10 to 15 years successful experi- 

ence in induction motor design of 

sizes up to 2000 HP. This is an ex- 
ceptional opportunity for a capable 
engineer to develop larger size motors in 


| 

! 

| 

| Standards 

| 

| com . 

design 

| Engineers 

: engineer ad woe" od cho ct the opecil “conned” 


type design used in nuclear reactors. 


f Chief 


electrical 


Will work directly under the Vice President in charge 
of Engineering. This is a permanent position with a well 


for Primary At Hughes we are conducting funda- ion v 
‘Sieteslite aiail mental research and development and ane manufacturer in Southern California. Salary 
A production engineering in the fields of 
Instrumentation radar systems, guided missiles, digital 

Laboratory and analog computers, microwave 


ws tubes, semiconductor products and 
other activities requiring use of many Sy 


Give education, experience, age, recent photograph, personal 
particulars, and salary expected. 


BOX 266, ELECTRICAL ENGINEERING 
500 Fi venue 


i 
New York 36, New York 


Replies held in strict confidence a 


Large public utility on the Eastern Seaboard 
requires the services of a Senior Engineer with ex- 
perience in the design, application and installation 
of medium and high voltage cables, including 
Scientific and Engineering Staff pipe type. Man with proper experience and 

- background will head up cable design unit of 


Hughes Engineering Department. 


Research and Development Laboratories 








types of test equipment. 

Those with extensive experience in 
the calibration and maintenance of 
precision electronic and electromechan- 
ical test equipment—with emphasis on 
measurement of electrical quantities 
to very close tolerances—will find sat- 
isfying outlets for their abilities in 
this work at Hughes. 








| 
| 
! 
| 
| 
| 
| 
| 
| 


| 
| 
| 
| 


Write, giving all details of education, experience, 
personal background and salary expected to: 
Box 296, Electrical Engineering, 500 Fifth Avenue, 
New York 36, N. Y. 


Culver City, Los Angeles County, California 


Relocation of applicant must not disrupt an urgent military project. 
































ENGINEERS NEEDED FOR 
RESEARCH AND DEVELOPMENT 
POSITIONS IN THE 


ENGINEERS 


Five general engineers GS-9 at $5,060 per 
year are urgently needed by the Armed Serv- 
ices Medical Procurement Agency, 84 Sands 
Street, Brooklyn 1, N. Y. Appointments to 


Design of electronic instrumentation for underwater ordnance, in- 





cluding high gain amplifiers, conventional filters, power amplifiers, 
oscillators and detectors in the ultrasonic range. 


Analytical and experimental treatment of scientific research prob- 
lems in the fields of hydrodynamics, acoustics, electronics, network 
theory, servomechanisms, mechanics, information theory and noise 
analysis, including analogue and digital computations. 


Design of transducers, fundamental problems in underwater acous- 
tics involving transmission, attenuation, reflection, etc. Problems 
in sound control and noise reduction. Acoustical aspects of systems 
research including operations research and feasibility studies. 


Opportunities for graduate study 
Liberal Vacation Policies 
Excellent Working Conditions 


THE PENNSYLVANIA STATE UNIVERSITY 
ORDNANCE RESEARCH LABORATORY 
University Park, Pennsylvania 
Send Resume to ARNOLD ADDISON, Personnel! Director 














these positions lead to career status in the 
federal service, and include various job bene- 
fits such as retirement system, life insurance 
coverage, as well as annual and sick leave 
privileges. 


The following are the experience and/or 
educational requirements: a 4-year profes- 
sional engineering curriculum leading to a 
bachelor’s degree in an accredited school, or 
4 years of successful and progressive experience 
in technical engineering. In addition 114 
years of professional experience is required. 
Graduate study in engineering may be sub- 
stituted up to a maximum of 2% years’ 
experience. 
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Professional Engineering Directory 


Professional Engineering Directory Card 1” x 2” 


12 times $120.00 





AIRPAX PRODUCTS CO. 


Development Division 


Specialists in the 
Design and Manufacture of 
Unusual Transformers and Relays 


Middle River Baltimore 20, Md. 


JACKSON & MORELAND 


Engineers and Consultants 
Design and Supervision of Construction 


R, ——— —_ 
y 








Machine Design—Techni 
BOSTON 


Consult 
Z. H. POLACHEK 
Registered Patent Attorney 
1234 BROADWAY 
(At 31st St.) 


New York 1, N. Y. 
PHONE 
LO. 








BLACK & VEATCH 
Consulting Engineers 


Electricity— W ater—Sewage—Industry 
Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


THE KULJIAN CORPORATION 
Engineers @ Constructors ¢ Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydro, Diesel) 


Utility ¢ Industrial ¢ Chemical 
1200 NO. BROAD ST., PHILADELPHIA 21, PA. 





FRANCIS W. RINGER 
Consulting Corrosion Engineer 


Cathodic protection and stray current control 

on buried and submerged metallic structures. 

Testing, design, and specifications for corro- 
sion mitigation. 


7 Hampden Ave. Narberth (Suburban Phila.) 
Phone MOhawk 4-2863 Pennsylvania 








DeLEUW, CATHER & COMPANY 
Consulting Engineers 
Transportation, Public Transit and 
Industrial Problems 
Industrial Plants—Grade Separations 
Railroads—Subways—Expressways 
Tunnels—Power Plants—Municipal Works 


150 N. Wacker Drive, CHICAGO 6, Il. 
79 McAllister St., SAN FRANCISCO 2, Calif. 


q CONSULT THIS DIRECTORY 
when in need of specialized 


engineering service 


SANDERSON & PORTER 
ENGINEERS 
AND 
CONSTRUCTORS 


REPORTS AND SURVEYS 
NEW YORK, NEW YORK 








Electrical Testing 
Laboratories, Inc. 
Electrical, mechanical, photometric, radio- 
metric and chemical laboratories, rendering 
testing, research and associated services, 
including certification, inspections at factories 
and field investigations. 


2 East End Avenue at 79th St., New York 21 


PETER F. LOFTUS 
CORPORATION 
Design and Consulting Engineers 


Electrical ¢ Mechanical e Structural 
Civil e Thermodynamic ¢e Architectural 
First National Bank Building 
Pittsburgh 22, Pennsylvania 


SARGENT & LUNDY 
ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 








FREDERICK RESEARCH CORP. 
BETHESDA 14, MARYLAND 
Tel: Washington, D. C., OLiver 4-5897 
Research Studies, Evaluations, Leg ond 
Development, Engineerin 7g, lotype 
facture, Technical Writing, Drafting, Art Work 
Offset ‘Printing—In fields related to Elec- 
tronics Test Equipment, Radio Interference, 
VHF-UHF Tuners and Circuits, Missiles, 
Electr: hanical Syst and Components. 





N. A. LOUGEE & COMPANY 


Engineers and Consultants 
REPORTS—APPRAISALS—DEPRECIATION 
STUDIES—RATE CASES—B 
AND ECONOMIC STUDIES 


120 Broadway New York 


MECHANICAL-MANAGEMENT-ELECTRONIC 
PROCESS - DESIGN - QUALITY CONTROL 
INVESTIGATIONS - APPRAISALS - REPORTS 


JOHN I. THOMPSON & CO. 


ENGINEERS 


921-17th St., N.W., Washington 6, D.C. 
LABORATORY DIVISION: BELLEFONTE, PA. 








HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 


Design, perteoes and Manufacture 
of T lormers, Chokes Etc. 


Electronic, eae g Allied Fields 
90 Magnolia St., Westbury, L.I., N.Y. 
WE.-7-2933 


MEASUREMENTS CORP. 
RESEARCH & MANUFACTURING 
ENGINEERS 


Harry W. Houck Martial A. Honnell 
John M. van Beuren 

Specialists in the Design and 

Development of Electronic Test Instrument 


Boonton, N. J. 


THE J. G. WHITE 
Engineering Corporation 
Design—Construction—Reports— 
Appraisals 


80 Broad Street NEW YORK 











INTERNATIONAL 
ENGINEERING COMPANY, INC. 
weer 
Investigati rts—Design 
Procurement —Fled Engineering 

stic and Foreign 
74 New Montgomery St., 
San Francisco 5, a 














MINER and MINER 


Consulting Engineers 
Incorporated 


Greeley Colorado 








PROFESSIONAL SERVICES 


over a wide range are offered 


by these cardholders 
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47)12,%em Dial Filament 


TRANSFORMERS 


Illustrated here is one of several dual fila- 
ment transformers that Lindberg has de- 
veloped specifically for industrial electronic 
applications. Each of these transformers 
will supply the precise filament require- 
ments of TWO rectifier tubes. 

For further information write for Specifi- 
cation Sheets E201-2 and E201-3. 


TRANSFORMER DIVISION 


LINDBERG ENGINEERING COMPANY 
2493 West Hubbard Street, Chicago 12, Illinois 








EVERY LINE IN THIS GRAY BODY 
SOCKET 
BLOCK 





INDICATES 


HIGH 
QUALITY 








Here's another example of Universal's quality in 
Dry Process electrical porcelain, Notice especially 
how every line is sharply defined indicating close 
adherence to tolerance. It’s porcelain components 
like this, from Universal, that can help improve 
the quality of your products. Let Universal work 
out your porcelain insulator problems, 


THE UNIVERSAL (Uy) CLAY PRODUCTS CO. 


1560 EAST FIRST STREET SANDUSKY, OHIO 





ee al 
Ed 
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—Luinlevice BRINGS SUBSTANTIAL SAVINGS 
to Class B’ and Class H transformer makers... 


FROM THIS 
TO THIS 


Class “’B’’ 
transformer maker 
saves up to 50% 
in weight with 
Quinterra Type 5-2 ply 


. +. each using a different type 





Tue two “before and after” photographs above do 
more than show what manufacturers can do when 
they employ Quinterra as layer insulation. They also 
demonstrate that the manufacturer is not limited to 
one type of this thin, flexible, purified asbestos 
insulation. Any one of several types will help him 
conserve materials, gain greater safety, raise over- 
load limits, decrease rejects, lessen production costs, 
and lengthen service life. 


For Class “B” operations, he can choose Type 
5-2 ply .. . the twin-ply Quinterra treated with poly- 
vinyl acetate. It retains its dielectric strength of about 
300 VPM at temperatures above the Class “B” 
maximum of 130 C, Strongest of the Quinterras, it 
is made by combining and calendering two layers 
together into a dense, smooth-surfaced sheet. Its 
excellent tensile and bursting strengths enable 
assemblers to reach favorable production rates. 


FROM THIS 
TO THIS 


Class “H”’ 
transformer maker 
saves up to 70% 
in weight with 
Quinterra Type 3 


Quinterra to meet his needs 


And it also provides a large square foot per dollar 
coverage. 


For Class “H” operations or for high processing 
and ambient temperatures, the manufacturer can 
choose single-ply silicone-treated Quinterra Type 3. 
Its dielectric strength of about 300 VPM is retained 
under continuous exposure to temperatures higher 
than 180 C, the Class “H” maximum. It also has 
good moisture-resistance, flexibility, and adequate 
physical strength for many applications. 

Each of these Quinterras is made of the same 
highly purified asbestos base sheet that has the 
inherent dielectric ...and has a hole-free, closed 
structure. They differ only in the saturant used and 
in the number of plies. Write for Quinterra booklet 
EL-40A and samples to Johns-Manville, Box 60, 
New York 16, N. Y. In Canada, address 565 Lake- 
shore Rd. East, Port Credit, Ont. 


JOHNS MANVILLE 


9 Johns-Manville ELECTRICAL INSULATIONS 


wee! KR ODUCTS 
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8439 Steller Drive 


Cole Electric Ca. 


TExas 0-4701 


Culver City Calif. 





AIR BREAK DISCONNECTING SWITCH 
161,000 Volts—600 Amperes—Type 0-2 
Horizontal Mounting—Three Pole—Single Throw—Group Operated 
SILVER TO SILVER CONTACTS 
One Pole Shown 
See Bulletin 46A 
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1955 
BULLETIN ) 
N 


New VARIACS with 
Complete Specifications 
Dimensional Drawings 


Operating Curves 


Write for Your Copy ! 


the Original 


Continuously-Adjustable Autotransforme! 


] ; S1 le Contact Surface 
with Exclu: LUE ) 


ANY ° Cambridgg 


F Please send me the NEW 
VARIAC Bulletin 1955 edition 


GENERAL RADIO COMP 


90 West Street NEW YORK 6 

8055 13th St., Silver Spring, Md. WASHINGTON, 0.C. 1 
920 S. Michigan Avenue CHICAGO $ y Street 

1000 N. Seward Street LOS ANGELES 38 | 


I City 








Photo courtesy of Fort Worth Star-Telegram. 


Flood Makes G-E Switchgear Prove Its Quality 


G-E Metal-clad units stayed in operating condition, needed only minor cleaning 


HERE’S WHY 
G-E switchgear was virtually un- 
damaged by flood. Bus (1) and 
current transformers (2) are located 
at top. Vertical lift design keeps 
breaker (3) off floor. 











Even though several inches of 
water actually flooded the lower 
compartments of the General 
Electric Metal-clad switchgear at 
this Fort Worth plant, no vital 
parts of the units were affected. 
Although not designed for ‘‘flood 
duty,’’ the advanced features 
which make G-E Metal-clad units 
best under ordinary conditions 
also helped in this emergency. 
Take, for instance, the vertical 
lift feature which kept the breaker 
mechanism safely above the floor. 
This design improvement was 
originally introduced as a safety 
measure—so personnel could ac- 
tually see the disconnect. Mechan- 
ically operated, it includes shutters 
which automatically close over the 


stationary contacts for maximum 
protection. 

Away from the danger of flood, 
the bus is housed at the top of the 
cabinet in a totally enclosed, Self- 
X insulated compartment. Struc- 
turally stronger, this arrangement 
also provides greater electrical 
protection. The current trans- 
formers, like the bus, are also en- 
closed in a separate compartment, 
well ventilated for greater protec- 
tion against excessive humidity. 
Forinformation on how your plant 
can benefit from the plus values 
of G-E Metal-clad switchgear, 
contact your nearest G-E Appara- 
tus Sales Representative or write 
for bulletin GEA-5664, General 
Electric Company, Schenectady 5, 
New York. 5119 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC | 





